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ABSTRACT 



Thla report presents , guidelines for the assessment and abatement of aabestds- 
cbntaining materials in buildings based oti available information. Background 
inforiiiatlon Is given oh the history and use of asbestos-containing P^o^ucts Iti 
buildings, and regulations pertaining to their use. Included are control ^a- 
Bures for buildings containing asbestos materials ^ procedures for determining 
condition of the materlals^^and abateiiieht technique 

removal. A summary is presented of recent guide specifications and standards 
developed by industry, g<5^?™"?"? agencies, and a standards prganlzatiph which 
are related to asbestoB-coataining materials In existing buildings. These 
docu^nts include guidance for the control, assessment, and abateMnt of such 
materials . 



Key words: abatement of asbestos ; asbestos ; buildings; fireproof Ing; 

insulation; regulatloha; structural steel. ' ■ 
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^ EXECUTIVE SObftiAitY 

■ ■ 

The Public Baitdings Seryice (PBS) of the General Services Adminl8tr|t ion (GS A) 
asked that the National Bureau ot Standards (IJBS) develop 8tate-of-th?-art _\ ,^ 
guidelines for surveying buildings having asbestos-^cont^ning materials and fpr 
selecting and applying assessment and abatement options. The guidelines are ' , 
based on availablei^iaformatlotv and include a review of the fdllowlngr (1) his- 
tory and use of asbestos-cbhtalning materials In^u^^^ 

building systems whlch-may affect airborne asbestos fiber levels ;^(3) related 
ragulatibns^ standards, and guidelines; «(4) techniques to evaluate asbestbs- 
containing materials;' and (5) abatement techniques. . ^ 

Asbestos has been widely used because it is a relatively tne3«5>ensive material* 
with special chemical, /physical, and mechanical properties which make it very 
desirable for many, building applications. The important' properties are mechan- 
icai strength, ^fire resistance^ flexibilit3^^ and good f rtct ton and wear ^^c^^ 
teristics. The use of ast^^J.tbs fibers for fireproof ing and insulating mate rialis 
for building applications ^gan in England in the early 193ps and continued in 
the United States through the early 197ds. The literature cbntains extensive 
documentation addressing'ootential health effects assbciated with exposure to 

air^ornf ^asbestos fibers.i' 

<• ______ 

In ?cG«patibnal areas where asbestos materialsare handled or machined directly, 
the regulatory approach of the Federal Government has been tb establish the 
maximum allowable exposure of workers tb asbestos fibers, above which protec^ 
tion is deemed necessary. In the United States, the first occupational expo- 
sure level tb asbestos was proposed in 1938 by the Public^ Health Service at 30 
fibers per cubic centimeter (f/cc).!' This has been reduced over the years to 
the current U.S. Occupatlbnal Safety and Health Adaitiistration(OSHA) regula- 
tion (29 CFR 1910aD01) which stipulates a faaxlnaiffl exposure level of 2.0 f/cc 
for fibers^ greater than 5 jSi in length measured on an 8-hbur time_weighted 
average (TWA) basis and 10.0 f/cc for 15 BiLnute sampling times. Phase contrast 
microscopy is the method of measurement required by OSHA. OSHA regulations 
generally apply.ln ^utih^ bccifj)atibnal as^stos exposure situations at a fixed 
lolcation. In 1976 t^ National Institute of Occupational .Safety and Health 
(NIOSH) proposed to OSHA a further reduction to 0,1 f/cc for fibers greater 
than 5 um in length measured on an 8-hb^r TWA basis and 10.5 f/cc^ for 15 minute 
sampling times. However, this has hbt beien acted upOT by OSHA. The applica- 
bility of current OSHA fiber exposure limits to the general. population where 

lower asbestos fiber tev^s exist (such as occupants bf buildings where asbestos 
concaining materials have been used for f ireprbof ihg. and insulation) is subject 
to touch debate. This iiiue is not addressed in these guidelines. Regulations 
bf the U.S. Ehvlrohmerital Protection Agency (EPA) cover asbestos emissions to 



i/ Since NBS has no medical expertise, there has been no atrteo^t to evaluate 
this dbcumeritatibh. . 

i/ The measurement method for determining the fiber cbhcehtratibn and fiber 
characteristics (e.g. dian^ter, length) used tb establish this level is 
unknown tb the authbrs bf this report. 
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the outside environment and disposal of asbestbs-cohtaihihg material fr<fia Job 
sites. 

) 

Various gul4e specifications have been developed by agencies of the Federal 
Gove ramen^and private. 8 to assist architects, engineeria, 

and buJ/Ming owners in pre^rihg ptbject specificaCioM and contracts f 
nBb^s^^fi abatenSSit w6rk« These were^ used in preparing these guidelines. 



Techniques for the fivaiuation ofthe condition of asbestosrcohtaihing materials^^ 
in buildings reported herein ihcludea (1) regional surveys of groups build- 
ings; (2) building inspection pfdcedures^ (3) bulk and air sampling techniques; 
and (4) available methods for--«vaiuating the potential airborne asbestos fiber 
i^vei in baiidtngsi the regional survesy is needed when an drganlzatibri has, a 
large inventory of buildings and it is necessary to determine which buildinga 
have asbestbs-cbntairiing material that nay _^f^y^re abatement. This is foiiqSed 
>by evaluation of builtflngs identified aa containing, such materials and includes 
.discussion with boiidtng pecBonifel, review of building. plans and specifications, 
review, of- previous a8be8toB_rela|ed activities^ arid walk-through inspection^ 
If deemed appropriate^ samplirig Activities can be conducted; including balk f 
sampling of tnaterial to determine its^sbestos content, and air monitoring to 
determine airborne asbestos fiber levels. _ the guidelites discuss several pro- 
posed methods for evaluating thepbtentlal asbestos, exposure iri buildings; * 
these methods are uhdergbihg analysis arid te8tirig.JL' ^ 

The guidelines conclude with a discussion of available asbestos abatement _ 
techniques and inf ortoation available^ in the current literature bri their sel^ 
tibri. The sel^ctibri bf ari apprbptiate asbestos abatement solution is generally 
based on the condition of the asbeatos-containing mtatertai, its location, the 
function and occupancy of the work area, and the cost.. The two approaches |td 
control exposure of asbestos may be either, interim or Ibrig— term measures.* Long- 
term measures include cbhtaihineht (ericapiulatibii arid enclosure^ m 
while interim measures coiisist of a asanageiKnt system for asbestos-containing 
materials (educational programs, periodic inspections work procedures ^ dust 
cbntroi, etc.)i these methods have various advantages and disadvantages which 
must be considered in the'~cbritext bf each building iri selebtirig the mbst 
apprbpriate apprbach* 



NBS has not evaluated these methods and does not endorse or 'disai^oi|s^ 
i' their application. - ^ 
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1. INTRODUCTION 



Many buildings in the United States kave asbestbs-bdhtaihing materiais in their 
cdhstructloh. Asbestos has 'beeri widely used because It Is a relatively 
Inexpensive material with special properties which make It very desirable for 
many buiiding applications. In recent years, potential health effec^ from 
asbestos inhalation have been reported In the literature [1-8] .i.^* Federal 
regulations ^establish the maximum allowable exposure of workers to asbestos, 
above which protection Is pel»taed necessary. 

The Public Buildings Service (PBS)_of the GenerH Services Administration ^(GSA) 
asked that the NatlbhaL Bureau bf Standards (>NBS) , <ievelbp state-of-the-art 
guidelines for surveying buildings having asbestos-concalning materials arid for 
selecting and applying asbestfos abajteraent options. The guidelines inclade the 
following: (IJ history and use of asbast^s-containing materials in buildings; 
(2) examples bf building systems which may affect airborne asbestoa_ fiber 
levels; (3) related regulations, standards, atid guide lines; (^) evaluatloii 
techniques; and (5) abatement techniques « - ' 



1.1 HISTORY OF ASBESTOS USE IN BUILDINGS 

Astwsstos miher^s hSye feen used for Mny^ 5;elatl^ely 
tnexpensive^ra^ce rials and their fibers have desirable characteristics _ of 
durability,, flexibility, strength, and resistance tb heat and wear [1]. Asbes- 
tos fibers have been used in thbusahds of applicatldhs Ihcludlhg: materials 
for roofing^ flooring, fireproof Ing, friction products ; reinforcing in cement, 
pipes, sheet^, and coatings; and thermal, electrical, and acoustical insaia- 
tions. During the five years ending in 1975_the ambuht of asbestos fiber used 
in the United States a>^eraged, approximately 800,000 tbhs annually [2^^ It has 
been estimated that about 90 percent of the asbestos used has gbne latb pro- 
ducts or applications^ which have effectively immobilized the fibers by mixing • 
them with a strong binding material [3]. FiSers may be liberated from these 
prbducts by cutting or grinding during their fabricatibh br use. The other 
ten percent bf the asbestos has been used' lii ^applications where the fibers 
ma^ be more easily released. 

The major use of asbestos fibers in buildings has _ been in spray-applied 
insulation oh structural membelrs atid walls atid ceilings.' This sprayed-bh 
material, in loosely bonded friable form, has been applied extensively to 
structural steel members, such as beams and columns, for fire proteetion and 
to walls and ceilings fbr thermal and acbustic insulatibn, _ architectural 
de CO rati oil, atid cbtitrbl of cbtideiisatlbn^ This type bffered the 

advantages of rapidly covering large surfaces and irregular surfaces evenly 
and efficiently v^thout the use of mechanical support or extensive surface 
preparatlbh. ^ 



1^^ References are listed in section 6. , ^ 

0/ _ _ _- __ - _ _ _ __ 

-z.' Since the JTatlbnal Bureau of Standards has ho medical expertise, there has 
been no attempt to evaluate these references. 



The spray application of asbestos fibers for f Irepropf Ing'snd insulation, was 
first used In England In the- early i93es [3]. In the United States , early 
spray applications were mainly in clubs and_ restaurants for decorative use and 
acoustical insulations on ceilings*. In 1950, some fbra of sprayed raimera 
fiber f ireprbbfirig was used in ibre than half of the multistory .buildings con- 
structed in the United Stapil. Firaprqpfing alone 'accounted for: 40^000 tphs 
of sprayed material in 1968 [3]i : 




Many Babstitutes for sprayed asbestbs materials are currently avaiia^jie. Most 
of these spray materials contain fibrous glass or nonasbestos mineral fibers' 
^'albng with cement ,gyupum^ or other binders similar to those used for asbestos. 
These materials ;can be used for f ireproofihgi thermal arid acoustic insulation, 
and decoration. . j , . 



1.2 CHARACTERISTICS OF ASBE STOS FIBERS : - ; 

Asbestos is a generic term. applied to a group of naturally Occurring' mineral 
silicates that are separable iritb fibers [4] . During the early 1970s the 
definition of asbestbs was changed by court action because of the pubUc arid 
scieritific attention W asbestos pollution. The definition accepted by the 

Minnesota court which set a precedent during the trial bf Reserve Mining 

Company, stated, "asbestos is a generic tertn fbr a number of hydrated silicates 
thati when crushed' br processed, separate into flexible fibers made up _of 
Tibrils" [5]. The redefinition of flb^r as pertaining toasbestos (U.S. 
•District Court, District of Minnesota, FifthDlvisibri, Fall, 1973) that was 
adopted by most environmental and public health scientists states that, "a^ 
fiber is a mineral which is at least three times as long as it is wide"_[5]. 
This defiriitiori <>f fiber eliminated the difficult task of testing the flexi- 
bility and Che presence of fibril composition bfsubmicrbscopic particles, and 
retained only the shape of the particle as a decisive criterion [5]. 



The asbestoi 'fibers 'used iri buildings are from asbestlform varieties of silicate 
minerals. Table 1.1 lists some common silicate minerals and their asbestlform 
varietie's which are the source of asbestos fibers that are us#d coranterclally. 

19]' 



Table 1.1 Silicate Mlrierals and Their AsbestlforriL Varieties 



Mineral 


Mirier al Group 


Asbeatiform Variety 


ArithbphyllitiB 

i 


Amphibole 


Anthbphyllite asbestbs 


Camniingt^ite-grunerite;^ 


Amphibble 


Cuimilirigtbnite--gunerlte asbestos 
(amosite) 


__ _ _ _ _ _ _ _ 

Tretiiollte-actlnoltte 


Amphibole 


Tremolite-actiriblite asbestos 


Riebeckite ^ 


Amphibole 


Crocidolite asbestos , 




Serpentine 


Chrysbtile asbestos 
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It is noted that only a via ry small quantity of the amphlbble and serpentine 
minerals occur as the asbescifdrm variety of the mineral [9]. ^e quality^ 
asbestos depends on the mineralogy of the asbestiform variety^ iihe degree of 

asbestiform development of ti^ fibers, the ratio of asbestifbrni fibers to 

acicular. crystals or other impurities , .arid the length and flexibility of the 
fibers [9]. The characteristics of the asbestos vary with the different 
asbestifbrm vatieties^ ^owever, the coranierciatiy used asbestos materials have 
fibers cUat are Incombastible, have high tensile strength, exhibit gbbd thermal 
and electrical insulating properties , and , have mbderate t^ good. chemical 
resistance [3]. 

1.2.1 Chry^btile Asbestos ^ ' 

Chrysotlle asbestos, although finely fibrous^ belbrigs^ to the class of silicates 
with sheet crystal structures.' The sheets of the chrysotiie minerals are 
cdrapdsed of alternating layers of' silica tetrahedrons bound together by hydroxyl 
groups and magnesium ions. The fibrous form pr; chrysbtile asbestos consists of 
spirally wound tubes which result from the grbwth pattern bf th^jMrteral sheet 
structihre. Chrysbtile fibers, are very small in dian« very 
sbft arid flexible. ^The average diameter: of individual fibrils is less than 
Oil micrometers [9], Mineralogical identification and measurement bf 

chrysotile f ibersrequires a high level bf skill arid experierice. 

1.2.2 Amphiboles ^ 

Amphiboles have a ^fibrous nature derived frbm ; a chain--like silicate crystal 
structure. Thefibers are larger iri diameter than chrysotile fibers, and are 
straight arid sblid iri riature , arid h^d and ^pringy. The- average amphibole 
asbestoa fibril diameter is ^ess than 0.5 pm [9], Idetitificatioa^rid measure- 
ment- of chrysotile asbestos iinerals are generally more easily made, particu- 
larly from air samples^ th#n thbse bf amphibole asbestbs because of the 
structural arid chemical differences within the amphibol^^^ Identification 
arid measurement of amphibole asbestos can be difficult because of the large 
r,ange of cheraicai composition and morphology. 

1.^3 PRO DUCTS AND MATERIALS CONTAINING ASBESTOS 

The level of fiber release from asbestos-containi^ materials ; depends , in 
general, on the characteristics of the tnaterialcbritalnirig the asbestos fibers, 
in some materials such as cemerit-asbestds and vinyl floor tiies^ the asbestos 
fibers are firmly bgund or encased. The release of fitfers in these materials 
is generally not considered a problem. However, cutting,, sanding, br griridirig 
of materials containing firmly" bound br encased fibers will cause some fiber 
release [5]. Asbestbs ^bers may »e nibre readily released from soft, loosely 
bburid, or friable materi\la such as sprayed ftreproofing and i^i^lating 
materials. 



Asbestos-containing constructio^materials have been divide intb twb majbr _ 
catiBgbries: friable materials an^l woven ptodacts; and nonfriable matrix-bonded 
composite, proddcts {51 # 
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1.3,1 Friable Materiais and Woven Products 

Friable iaterlals have been described by the U.S. Environmental Protection 
Agency [EPA] as those which can be --crumbledj pulverized, or reduced to powder 
in the hand" resulting in the release bf fibers with minimal applied force or 
Mechanical disturbance [4]. Among woven products, asbestos fibers and other 
organic and inorganic fibers at% used Itt rSvtngs, yams, and cords. . These 
fibijri are also woven, braided, or knitted into textile products. Binding 
agents 'are usually not used in these textile products. ^ 



The mo^i co^onl^ used fri^le materials and woven products containing asbestos 
listed in table 1.2. They^ Include insulating material, preformed thetmal 



are 



insulation product*, and textile products. 



Table iTZ Friable. Materials and Woven Products Containing Asbesto 



Subdivision 



Friable 

Insulating 

Material 

Preformed 
Thermal 
Insulating 
Products 

K 



Textilei 



:2/ 



Generic Name 



spray-applied ^ 
insulation , 



batts, blocks, 
& pipe covering 

^yB5Z magnesia 

- calcium silicate 



cloth 

blankets 

felts 

blue stripe 
ted stripe 
green stripe 

sheet 

cord/rope/y 
tubing 
tape/ B t:np 
curtains 
' /(xheater, 
welding) 



Asbestos 
X by weight 



1-95 



15 
6-15 




6C-65 



9 



Dates of Use 



1935-1970 



1926-1949 
1949-i$71 



1910-pre8ent 
1920-pre8ent 
i920-p resent 
1^2CHpre8ent 
-M^O-present 
1920-pre8ent 
1920-pre8eat 
1920-pre8ent 
1920-pre8ent 

i945-p resent 



Binder/ sizing 



sodium silicate , 
Portland cement, 
organic bii;^ders 



magnesium 
'barbonate 
calcium 
silicate 



none 

cotton/ wool 

cotton 

cbttdii 

cotton 

cotton/ wool 

cbttbh/wbol 

cdttbii/wbol 

cotton/wool 

cotton 



i'^ Table was taken ffom reference [5]. 

1/ The Navy prohibits use of these products when acceptable nbnasbestos- 
containing substitates have been identified. 
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ii3ilil Friable I wulafcibri Material - 

Spray-applied or_ trowelled-on friable Insulation material has tradltlbhally 
been used In building construction for thermal insolation, condens^cidii cbhtrbl, 
acoastical contrdl, and fireprbbfing of steel. This type of asbestos-conCairatig 
^insulation was first used by the cbnstructibn industry in the United States in 
the mid-1930s. Friable Insulating materialiB cbntainihg asbestbs were used 
generally on the surfaces of .metal, wood, concrete, brick, and plaster. Spray 
application methods were devised to reduce the cost and time for installing 
continaoas sheets of material, particularly on Irregula? surfaces. The major 
use of sprayed mineral fiber in buiidihgs Is for fireproof ing. Generally, fri- 
able insulating materialised in buildings was a blend bf 5 tb 95 percent 
asbestos fibe^^s combined with other materials such as mineral wool fibers, 
vermi<!Mite, sand, bentbnite clay binders, or cellulose fibers and other filler 
materials. 



i • » 

yi 3.1.2 Prefonned Thermal Irisulation Product:^ 

Pref onned thermal insulation products include batts and blocks for bSilers and 
preformed pipe conVeringa. Fromp26 to 1949 chrysbtile asbestos fibers were 
generally used for preformed therSal pi^e insulation. This type bf irisulatioh 
concained about 15 percent asbestos and 85 percent magnesium carbonate. Frbm 
1949 to 1971 this material contained about 6 to 15 percent asbestos fibers with 
the remainder calcium silicate [5], ~ 

1.3. 1.3 Textile Products > . . 

A 

Asbestos textile products ate durable and have other desirable properties such 
as electrical insulation, thermal resistance, and acid resistance. For many 
years the cbmmbhly used asbestos textile products^were cloth; cord, rope, yarn, 
tubing^ tape, strip, :^elt^, and blankets, the chrysotiie asbestos content of 
these products may vary from 80 to 100 percent. Other fibers no^lly blended 
in the products include wool, cotton, ^crociddlite br ambsite asbestos fibers . 
, Asbestbs yarns produced, by spinning are used as the basic compdnent in the 
manufacture of rope, tubing, tape and strips. ^ Asbestos cord -4*w been defined 
as a multi-ply yarn used for electrical el^n^t insulation and tying cord for 
asbestos cloth (5j. 

Asbestos tape, itrj.p^ and tubing have been used for insulating electrical ^ 
conductors and for wrapping high-temperature pipe joints, tloth made from 
asbestos ranges in weight from a few dUncias tb several pounds per square yard 
and is woven ina wide variety of styles, textures , grades and thicknesses. 
Important uses for asbestbs cloth have been Covering for pipe insulation, 
electrical insulation, and theater curtains/ 

1.3.2 Nbnf riable Materials^ ' 

Nonfriable mat^ials haye_ been described [5] as SitStX'-bonded composite , 
products prepared by mixing fibers with various bonding agents such as sSarch, 
§lue, plastics, cements, and asphalt. The degree of bbnd bf asbestos fib^ 
within Che cdmpdsite material or the fiber's immobiUzation covers a wide 
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rangei Reteaee of bonded :f lt)6rs varies accord^ etiyirdn^ntat 
conditions^ and physical , damage to which the products are* subjected, 

Norifri able matrix^ products for buildings have been divided, into the 

following categories: cementitidus products, paper products , roof Ing fe^ts^ 
asbestos compounds ^ asbestos ebony, flddring tiles and sheet products , wall- 
coverings i and paints and coatings [51. The most commonly used, nonfriab^le 
bdnded cdmpdsite products contalaing asbestos are listed in table 1.3. |^ 

Asbestos cement it ious products are cgWosed primarily of port land cement ^ 
reinforced with chrysdtile asbestos fibers^ The cement content may vary from / 
about 10 td 75 percent by weight depending on the required properties of the 
material. Cement-asbestos pipe is generally made using chrysdtire and croctdo- 
l±te asbestos fibers in the ratio by weight of 3 to 1- respectively. The strong 
asbestos fibers serve to reinforce the_ceientttloas material. Asbestos-cement * 
products are used for many building purposes including siding shingles, flat 
sheets, pipe, roofing shingles, corrugated sheets; facings fdr acoustical mate- 
rial, table tops, electrical conduits ^ arid laniinated panels. _ln many cases, 
asbestos-cement partitibris arid; ci^iling panels are accessible to the interior 
work erivirbrimerit, arid thus, subject to damage. 

Clapboard, a thtn^efet of asbestos-cement materiali has_beeri used extenstyeiy 
under siding on wood fran^ buildirigs. Clapboard was produced in 19A4 and 1945. 
Asbestos-cement sidirig sWlngles have been extensively produced, and txsed on wood 
frame buildirigs for many^ears. Asbestos-cement roofing shirigles are available 
bur have not had extensive use, A great deal bf asbestos-cement pipe has been 
used for water mains, ^ewage and industrial liquid-waste disposal lines, 
conduits, vent pipes, f&es, arid chimneys for heaters. 

The large variety of paper products made from chrysptile asbestos fibers 
includes co^^ugated, indented, reiiif breed, arid millboard products. Asbestos 
paper has good heat resistance, is chemically inert, and has good electrical 
and, the^l insulating properties. The paper .products have been made for ^ 
abbiit 50 years or more and generally contain 75 to 99 percent asbestos. Sodium 
silicate is the primary binder for cbrrugated and indented papers, while for: 
millboard, asbestos fibers are botirid with starch, itme, and clay. 

Asbestos roof Irig felts impregSted with asphttt are used to fabricate membranes 
for waterproofing and weatherproofing the roofs bf buildirigs. Roofing feltsor 
sheets may also be_both impregnated with an, asphalt and coated with an asphal- . 
tic compositibri. The asbestos fiber content of the felt is 85 percent or 
greater. Asbestos saturated felts are also used to cove r^ hot steam lines on 
the outside of buildings. > 

Asbestos-containing_compburi^s for exterior and interior construction uses niay 
contain either organic or inorganic binders. Examples bf products containing 
organic binders such as linseed oil arid asphalt are caulks, sealants, cold 
applied adhesives, joint compbun4§ • roofing asphalt, masttcs, and asphalt tile 
cement. Iribrgariic binders are used in plaster, stucco, and grout. ; 
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Table 1.3 Nonfriable Matrix Bonded. Composite Products^ Gontatning 
Asbestbai' ^t! ^ 



Subdivision 



Cemehtitlous 
Ptbducts 



Paper 
Products 



Rbpfing 
Felfs 



Generic Name \ 



extrusions 
panels: 

c^r^gated 
flat ' 
flexible , 
^flexfble 

perforated 
laminated 
(ootex: 



3ur 

3ff 



rooF tiles, 
clapboard & 

shiixgles 
, clapboard 
siding. 

shingles 
roofing 
shingles 
pipe 

cortiigated: 
high 

temperature 
HMDderate 

temperature 
indented 

mlllbbard 



smooth _ surface 
mineral surface 
shingles 
pipeline 



As be St OS 
(Z by 

veight j^ 



8 

20-.^5 

30-5G 
30-50 

35-50 



30-20 

12-25 
12-14 

32-20 

20-15 

90 
70-35 

98 
85-85 



19-15 
10--15 
1 

10 



Dates of Use 



1965-1977 

193p-pre8ent 
1930-present 
i930-pre8ent 
1930-present 

1930-pre8eriC 

1930-present 

1944-1945" 
unknown- 
present 
unknown- 
present 
i935-present 

i935-pre9enc 
1910-present 
i935-presenc 
1925-present 

i910-present 
1910^present- 
1971-1974 
1920-present 



Binder/Sizing 



Portland cetBent 



Portland 
Portland 
Portland 
Portland 



cement 
cetoient 
cetnent 
cement 



Portland cement 

Portland cement 

Portland cement 
Portland cement 

Portland cemerit 

Portland cement 

aodium silicate 
starch X, 

organic binder 
starch, lima^ 
clay 

asphalt 
asphalt 
asphalt* 
asphalt 



i-^ Table was taken from reference [5] 
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The Navy prohibits use of' these products when acceptable ribriasbes Cos- 
containing substitutes have been identified^ 



Table 1.3 (continued) 









AsbestoS) 

(Z_bY_ 
— vgight) . 


Dates of Use 


< 

Binder/ Sizing * 




Subdivision 


Generic Naife- 




Asbestos-- 

Containing 

Cbmpouhds 

■s 


caulking putties 
adhesive (cold 

applied) 
^oiht compound 
roofing asphalt 

mastics 

asphalt tile ^ 

cei&ent 


30 

- 5-25 

5* 

5-25 
13-25 


l930-pre8ent 
l945-pre8ent 

1945-1975 
'unkiu»m- 

presetit 
1920-preBeGt 
"*1959-pre9ent 


linseed oil 
V asphalt 

asphalt 
asphalt 

asphalt 
asphalt 






roof piitty 

piaster/^tuccb 

spackles 


ie-25 
2-10 


uScnown-. 
' present 
\anknbwn-- 
present 
^ 1130-1975 


asphalt 

Portland cement 

stanch, casein^ 
^ synthetic 

renins 
ci^ter oil or 

pblyidbbutylethe 

clay \ 

clay \ 

fcagnesium -/ 
carbonate 




■ 


sealants 

fire/water 
cement , 

insulation 
cement » 

finishing, 
cem^ty magnesia 

% 


50-55 
20-100 
55 
15 


1935-p resent 

1900-1973 

\ ----- 

\ 1920-1973 

1926-1950 ^ 




Asbestos 

Ebc^ny 

Products 




50 


1930-preBent 
/ 


Portland cement . 




Flooring 
Tile and 
Sheet Goods 


vinyx/ asDe8>vOB 
tile 

asphalt/asbestos 
tile 


21 

16-33 • 


1950-ore8ent 
i920-pre8ent 


poiy(vinyl)~ 

chlbride 
) asphalt ' 

ary ox-ld 






sheetgobds/ 
resilient sheet 


30 


iy5b— present 




Wallcovering 


vinyl wallpaper 


4 


unknown- 
present 






Paints and 
Coatings 

.A^ ■ ■. 


roof coating, 
sir tight 


4-7 
15 


i900-p resent 
l940-pre8ent 


asphalt 
asphalt^ 
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Asbestos ebony products are used in the constructibh_ industry in electrical 
panels and circuitry, these products, contain about 50 percent asbestos fibers 

and Portland cement as a binder, With regard to other building PJ.o^ucts , 

' asphalt floor tile^^gjatalns about 25-35 percent asbestos fibers and asbestos 
vinyl tile contaiiis^boat 20 percent asbestos fibers* the backings of some, 
sheet goods and resilient sheets^^contaln asbestos. Some of the better quality 
wallcoverings may contain about 7 percent asbestos flt)ers. Asphaltic exterior 

paints may contain about 9 pertent asbestos fibers. Some coatings /used for 

sealing cracks and joints may rontain about 15 percent asbestos^ fibers. ^ 

1.4 AIRBORNE ASBESTOS FIBERS IN BUILDINGS 

V 1,4.1 Methods of Fiber Dispersal ^ 

The concentration level of airborne asBestbf fibers present at any given time 
in a building _i8 dependent bri three generating mechanisms shown graph ij^aily in 
figure 1.1. The are natural deterioration, impact, and^tfieacondary dispersal. 

Three groups of people within the building may be subject to airborne asbestos 
fibirs: (1) building occupants; (2) mairiteharice arid operation (M/O) personnel; - 

and/(3) contractor personnel. All three groups may be subject to asbestos 

exgosiire due to riatural deterioration of as-bestos-containing materials result-, 
tng in the release of fibers into occupied spaces. In additiph^ fibers can be* 
distriljuted by the air distributlpri system. This may occur wheri asbestos 
fibers are rele^eH iiito the ceilirig all:^ return plenutn due to natarai deterio-^ 
ratibri or impact of asltestds-containlng iSiterials daring M/O activities in the " 
plenum. Exposure may also occur from secondary dispersal of fibers that have 
already fallen onto i/iterior surfaces. H/P personnel arid cbritractbr persbririel 
may be exposed to afrbbrrie asbestbs wheri their bpetatibris disturb the sprayed-cm 
asbestbs-^cbritairiirig fireproof ing and inhalation mater iaisi 

^ 1.4.1.1 Nataral beterioration 

Fallbut bf asbestos fibers niay bccur_by a slbw, cbritiriubus degrada _ 
insulating surface and may be accelerated by air movement and vibration which 
Ti « occurs in most buildings. This happens withbut actual physical diaruptibribf 
the asbestos fiber cbntaihlhg material arid deperids bri the bond between the 
adhesive and fibers. Fiber dispersal In fallout may occur at a continuous 
rate over a long period of XXw^J^!%^^q,X,ot^ which affect variations ii^j^all- 
oit rate include: vibration oS the structiire; changes in humidity; air mbve- 
mekt from heating^ cbbllhg^ a^veritllatirig equipment; arid air turbulence and 
vibr^ibri caused by human acKvity. The fallout rate may increase due to 
aging and degradation of the adhesive component of the insulating or other 
material. There may be little or no release bf f iters frbmcemerit it ibus mixes v 
in gobd_ cbnditibri, whereas higher rates may be cur fbr detetibrated friable 
materials. "* . - 

1 ; 4-. 1 . 2 Imp^jit 

The level of asbestbs liber release result&g from contact m 

upon the accessibility of the fiber-containing material and the likelihood bf 
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^EROSION 4^ 



AIR PLENUM 



U -I t 
FALLOUT 




' MODE 


CAUSES 


FREQUENCY 


FT Rfel^' REt EA SE RATF 


FALLOUT/ 
EROSIOS 


AIR MbVlSENT, 

VIBRATION^^ 

DETEIIIDRATIDN 


CONSTANT 


LOW 


IMPACT 


HAINTENANCE^ 

ACCIDENTAL 

im^ACT 


OCCASIONAL ^ 


HIGH 


S SECONtlARY 
DISPERSAL 


USUAL ACTIVITY 

CUSTODIAL 

SERVICE 


FREQUENT 


' LOW So; HIGH 



Figure 1.1 Hechanlspfl .resulting in airborne asbestos fibers in 



building 

^i'^ Figure taken from reference [5]. 

^ ' 10 
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contact. The function «>f the balidlng and ;|:he activities of the occupants may 
affect the release of asbestos fibers Ih^o the ehyirbnmeht. Friable sprayed 
asbestos surfaces are easily damaged because of their low inipact resistance 
?^^_tbiB8e surfaces, even minor ph/stcal contact may release fibers; These ^ 
rdi^'ases are generally localized and of short duration. 

' . . • ' . ; ' , . ■ ' ^" _ _ . _ 

the dispersal of asbestos fibers by contact produces the highest release rates. 
It has beeti repprtfed that the JeveJ of airborne fiber concentration during 
routine maintenance and repair act tvittes has, in some cases, exceeded 20 fibers 
per cubic centimeter (f/cc)^ and: the removal of dry sprayed asbestos material 
has in repprted^casis Resulted rlh, airborne fiber cbricentfatibn levels of over 
100 f/cc [3]i'. Tlieie levels ate considerably highet than those allowed under 
curteht fedetal tegulatidns (see section 3.2). . 

l;4;i;3 SecondAty Dispersal 

Reentralnmeht of fiberl^wUch have already set (^•S*__?^9?^ 
celling tiles, on flpoi^. and furniture) can occur after initial release by 
nature! de^etioratioii "or Impact {31. In addition, particles released from the 
insulation are subject- to possible fragmentation and subsequent reentrainmerit 
due to activity in th^ area. Secondary dispersal l8_a_ function of the activity 
l^yel of a building at|4a and may involve repeated cycles of resuspension and 
settling, ' / ' V 

Fiber counts as high ds 5. f/cc have feeri repotted from activity within a 
building ^uch aiB custodial work [3 ji'i In cases where settled fibers are pre- 
sent, custodial actlvitleS- may result in increased levels of airborne fibers. 
In a library With a deteriorating sprayed asbestos celling^ cdntihuous dusting 
of extensive areas of shelving raised the average fibet level for the custodians 
to h f/cc, arid to 0.3 f/cc for nearby library users [3]i' . 

ti4i2 Aerodynamics of Asbestos Fibers 

Dispersed asbestos fibersgenerally have a Teri^ from less than 0.1 

urn to some tens 6f micrometers; Asbestos fibers released into the air will 
settle downward at a rate depending on their mass, form, axis Attitude, and 
air movement. Fiber characteristics strongly affect settling velocity arid 
total time of susperisibri. The settlirig velbcity depends mainly upon the fiber 
dtgnieter arid to a lesser extent upon fiber length. Settling time is also 
affected by the fiber alignment, fiber axis vertical or horizontal, and Its 
aspect ratio (length divided by diameter). 

Fibers 1 to 5 jjm iri length arid M of about 5j1 are'cotnmon its 

material dispersed from overhead insulation in buildings [3]. The theoretical 
settling velpcities for fibers 5^ 2^ and 1 uS long having an ^ispect ratio 
bf 5:1 and. with their axis attitude varyirig between vertical arid hbtizbrital, 
would be 2 X 10"2, 4 x 10"^, and 1 x 16"^ cm/s, respectively [3]. The 



1/ The measurement : techniques for determining the fiber cbricehtratloh arid 
fiber charactetistics (e.g., diameter, length) were not reported. 
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theoretical tlnies needed for these flbets to settle ftdffl a 9 ft high ceiling 
to the flbdl would be 4, 20, and 80 hoars in still air, respectively [3). _ 
Tarbalence will increase the settling tiine and also cause reehtralruneht of : : 
fallen fibers. Figure K2 shows the theoretical settling velbcitieiT in still 
air for fibers of Varying size^ alignmeht, and aspect ratio. 

While fibers are airborne they are able to move laterally with air current?! 
into areas distant from the pplht of release. _ Significant levels of cdntafflina- 
tion have been documented hundreds of meters from tte 

tbs fibers [3]. Also, fibers may be transported across contMiinatlon barrier 
systems with the passage of workers darfiig the removal of asbestos^cbhtaihihg 
materials • 

1.4.3 Cbncentratioha bf Airbor ^ -A fl bcGtbs Fib e r s^ 



EPA has reported that airborne asbestos fiber levels within buildings with 
deteriorating asbestps-cphtaihihg material may be significantly greater than 
outdoor ambient air level [3]. Determinations of fiber levels during periods 
bf quiet activity cbtidltibns, such as at^ntght when the building is not occu- 
pied, may be misleading 13] i Routit» activities in buildings cbntaihihg sprayed 
asbestos surfaces may result in_ higher airborne fiber levels. EPA reports that 
normal activities in school buildings with accessible sprayed asbestos surfaces 
may result in indoor airbbrne asbestos concentrations in the 10 to 50 f/cc range 
(3]i'. -As mentioned preyiogsly, custodial work could result in the disturbance 

and reentrainment of the accumilatibns of fibers which were released from 

sprayed surfaces by natural deteribratioh and contact. Airborne f the r levels 
from reentriihmint may be higher due to custodial work, de on cleaning 

methbdi and Ibcatibn bf the work relative to the occupants. Such activities 
result in reported atrborite asbestos fiber levels that exceed regulatory limits 
established by the U.S. dccupatipnal Safety and Health Addiialitratlon (OSHA) 
given in tablei.3.1. Table 1.4 gives eitimates bf airborne asbestos content in 
buildings based bh various types bf acCivlties 15]* 



y The measureisent technlqae for determining the fiber cbhcchtratioh and fibet 
characteristics (eigi, diMaeter, length) were not repbrtcd. 
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Table 1-^ Airborne Asbestos Content In. Buildings Based on 
Various Types of Activitiesii' »— ' 



Activity • 
Classification 



Main 'Mode of 
Contamination 



Activity 
DesStiptibn 



MeanCountl' 
(f/cc) 



Quiet 

^> Nonspecific 
routine 

Maintenance 



Custodial 



Renovation 



Vandalism 

Removal , dry 

Removal » wet 
amended 



fallout 
reehtraihmeht 

impact 





mixed: impact 

reentraihmeht 



mixed: impact 
reehtraiiwtht 



impact 
impact 
impact 



none 
office 



re lamping 
plumbing 
cable movement 

cleaning 
dry sweeping 
dry dusting 
bystander 
heavy dusting 

ceiling repair 
tract li^t 
hanging light 
partition 
pipe lagging 

ceiling damage 



Btripping 



. 0.0 
0.4 

1.4 
1.2 

e.9 

15.5 
1.6 
4.0 
0.3 
2.8 

17.7 

s< I.l 

3.1 
4.1 

12.8 

40 

2.8 



U Table was taken from reference *[5] . 



^ See section 3.2 and appendix A fb?: current Federal regulations for 
exposure to airborne asbestos fibers. 



3/ 



»_ __ : 

The^^measurement '^techniques f or determining the fiber concentration 
and fiber characteristics (e.g;.^ diaittet^ri length) were hot reported 
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2i . EXAKPLES QF BUILDING SYSTEMS WHICH AFFECT AIKBORNE ASBESTOS FIBER LEVELS 



2,1 SPRAV-APPLIED FRIABL E INSULATION 

The predominant use of asbe^t'os-containiig material in buildings has been the 
spraying of ihsulat^bh oh structural members and bri walls and ceilingiS. T^ 
friable sprayed-'bh material Has been applied extensively to structural steel 
rnembera such as beams and columns for fire protection and to walls and ce'ilings 
for the purpose of providing thermal and acoustic ihsulatiohi architectural 
decoration^ and control of cohdehsatioh. 

Structural steel used in buildings suffers a reduction of mechantcai properties, 
such as strength, stiffness and ductirity, when exposed to elevated tempera- 
tures. Because b£ this loss of mechanical properties , it must be protected 
from fire eacpbsure by covering with fireproof ing tn^terialsi Spray-applied 
fireproof irig containing asbestos was used widely until the early t97ds because 
it was inexpensive, quick to instAll, involved only one building £rade| and 
was easily integrated with the overall, cbhstructioh process 

Sprayed applications of aste materials have been used extensively 

for fireproofing of exposed structural steel member^ and the underside of metal 
decking in composite concrete/steel floor systems (figure, 2. 1) • The bqjtog of 
the floor system can be either exposed (figure 2; 2^ ^^.^^^^^^^^ ^'^^^^ *^f°PP^^ 
ceiling structure to form a plenum (figures fil and 2w3). Vertical steel 
members (coiumis, bracing, etc.) are aldo often coated with fireproofing , 
(figure 2.4). ^ , 

As discussed previously, fireproofing on structural steel. members and other 
spray applied friable insulation miy be subj-ect to na deterioration and 

physical, damage. While it is difficult tb bbserve fiptiiral deterioration, 
the result bf physical damage ±3 g^^ rally quite obvious* This damage, can be 
caused by: 

maintenance and .operations work within the ceiling plenum whi may 
cause fireprbofing to be dislodged and fall onto^he suspended 
ceiling (figure 2.5)._^ ^ - ^'v.^ 

location of asbestbs-cbntaihihg material bh vertical surfaces §t_ floor 
level br bn low horizontal surfaces which can be contacted by building 
occupants (figures 2.4^ 2.6 and 2«7). 

mpdif iiiatiohs made tb the building since cbh8tr^ctibn_including: ^ 
(1) additibn of a fire sprinkler^ (2) modifications to the 

heating, ventilating, and air conditioning (HVAC) , electrical , and 
plumbing systems i (figures 2.8^ 2. 2.10^ and 2.11); and (3) changes 
tb the office partition systein (figure 2.12); and 

contractor carelessness when. doing work in the vicinity of asbestos^ 
containing material (figure 2.13). 
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figure 2,1 Sfeetch of typical return sir plenum configur at ibh with exposed 
\ fireproofing on structural steel and deck 




Figure 2.2 Exposed fireproofing bti celling of mechanical room 

- • - ■ ' 
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f Figure 2.3 Dislodged fireproof ing lying oh suspended ceiling tties 
within return air plenum 




^.7 



Figure 2.6 * Horizontal fltruccural membef easily accessible to 
- building occupants with damaged fireproof ing 
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Figure 2.7 Structaral bracing member with damaged fireproof irig 
at floor level 





figure 2.10^ Damage ttb fireproof tng on structural Is teel due to 
HVAC syatem modifications 
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Figure 2itl Damage Eo_ fireproof ihgbh structural stftel due to 
electrical system ttiodlf Icatloas 





Figure 2.13 Damage to flteproeflng doe td'^relessness while 
taatertats were being transported to other areas 
of the buildings 
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Elevator mptbrs, fans j and pumps are quite often located on^4:oor8 or roofs 
supported by sttuctutal steel aiid steel deck protected with fireproof trig. 
Vibrations caused by such equipment can ^islodge flreprodfliig material or 
other spray-applied insulation and increase the potential' for asbestos fiber 
dispersal. 

HEWI NG , VTOTILATING, AND klK GONDITIOK ING SYSTEMS (HVAC) 

The HVAC system has the potential for circulating asbestos fibers throughjout 
^^^_^^?^^^?S_^f released from asbestbs-cprttainihg materials [5] , 

This is particularly ^rue for^ buildings where the HVAC system can be '*Mf 
characterized as ^hovm on figure 2ii;4 and discussed below; 

^^?g^_ modern buildings have equipnierit rooms which, take in fresh air and 
dtstribate conditioned ait to diffeteiit floors. Depending oh the horizontal 
di^nsions of the btiiidtng, the equipment room and air supply system pay be 
divided into several vertical zbnes which service different sections of the 

"typically ^ a high rise buildirig will have. one equipment room at 
^PP^°^^JP?^®^y and another at th^ of the building. 

Large fans in the equipment room force the preconditioned air into ducts which 
cbritairi acoustical insulatibri.. the ducts lead to vertical risers which carry 

to the varibus floors fbr distribution by the local supply ducts 
(figure 2.15); each floor the exhaust air is either ducted dii^ctly to a 

large vertical riser^ or, more likely, the ait l8_exhau8ted directly in the 
ceiling plenum betweeri the susperided ceiling and the floor above (figures 2il 
2.15). This plenum may cbritairi plumblrig^ electrical^ mechanical^ and 

utility equipment; More iapottantly, as was ptevibuily discussed^ the under^ 

side of the floor may be coated with sprayed fireproof Ing which aay^-contalti ' 
asbestbs toprovide a fire rating Co the structural steel and steel floor deck 
assembly. The re turn air exhausted iritb the plerium contacts the fireproof ing 
with the potential for dislodging fibets and circulating them throughbut the 
building (see figure' 2;l)i 

■> ■ _ 

^^_^^Y'^?^A_l9P§tibns within th^ metal ducts conduct the. return 

air into vertical risers;^ The air is then returded through the vertical riaejrs 
tb the return air chamber where it exhausts into a spill chambet; The vertical 
^'Is^rs may ^cbritairi structural members with f ireproofirig or thermal insulation 
P_°^??^l^^ that fibers may be dislodged arid circulated throughout the 
building by the HVAC system; Depending on the temperature bf the biitside air 
arid the building return air, the return may be entirely exhausted to the out- 
?l^'^> _br may be recirculated to gjQjne degree. Dampers control the degree of air 

^?9^**t of fresh alt used. The air to be recirculated 
passes through recirculation dampers and mixes with fresh ait which has been 
drawn through. intake. dampers. The intake air is sometimes preftltered with 
coarse fiberglass filters. The mixed alt isthen drawn through the filter bank 
, which consists of multi-pocketed bags made bf f ibetglass br bther fibrous 
material (figures 2ii4 and 2sl6); 

Tb§_ accessibility bf the unducted air return plenum to building occupants may 
^^?®^^J^^^_^^^P?F???_^^:^^?t°8 fibers. Such accessibility bften depends on 
the type of suspended cetliitg construction; This can range f torn dtywall 



i 



sPtti I oeiPERs intake' dampecs 




i/ Taken from reference 
[6]. 



Figure 2.15 Typical HVAC system configuration <rE high-rise batidtngs^ 




Figure 2. 15 Typical air supply and recarn^ duct system^ In "ceiling of 
decupled space (with drop celling removed) 
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bank lii alr-lntake room 




tonstructibh w4-th hole cut for 
In the plenum 

5 ; 
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constructibn (figure 2.17) which makes the, celling Inaccessibl^^on ^ routine 
'-basifl to lay-ln panels which can be easily refcooved (figure 2.18). Between 
these two extreioes /there are various types o^j si^spended panel systems with . 
mechanical interlocks which restrict unwanted access (figure 2.19).-Ea8y-to- 
remove celling panels allow M/0 personnel and occupants easy_ access to an area 
irtiich may have dislodged fireproof ing. However , H/p/persphnel have more f re-- 
quent access to the ceiling plenum due to their job furictldns than building 
occupants. 
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3. REGULATION S_» STANpAHpSi AND GUIDELINES RELATED TO ASBESTOS-CONTAININC 
MATERI^S IN BUILDINGS ' - . s 

3.1 BACKGROUND [5] . ' ~ 

The regulatory approach of the Federal Government has been to establish by 
law the maxtntam allowable eiposure of workers to asbestos , above which protec- 
tion is deemed necessary. Standards hive been based on the- number of resplr- 
able asbestos fibers (which are greater than a nil nimum length) suspended 
air. See section 4.3 for a ^iscussionof the measareraent methods for analyzing; 
( ^2^^^^^_®?°^P^®® asbestos content by weight, and (2) air samples for air- 

borne asbestos fiber levels, A discussion of the historical development of 
regulations related to airborne asbestos fiber levels follows. 

3.2' GOVERNhflSNT REGULATIONS [5] 

Table 3,1 presents a historical outline of tbe reductibh of worker exposure to 
asbestos which has occurred in the United States. The more recent Federal 
regulations pertaining to sprayed asbestos materials have been issued by EPA 
and OSHA. in general, OSHA regulations cover occupational asbestos exposure 
situations at a fixed location^ EPA regulations cover eMssions to the outside 
environment and the removal and disposal of material from job sites. 

Table 3it HistoSicai ®utiine_of Asbestos Standards 
Related to Worker Exposiitei.' 



Year 



1938 

1969 

1971 

1972 

1976 

1977- 
1978 



Agency 



U.S. Public Health Service 

Walsh-Healy Public Contract Act 

OSHA 

OSHA 

OSHA 

NIOSH 



Basis of 
Standard 



proposec 

inf ormedrt^ 

informed 

informed 

informed 

proposed, 
(to OSHA) 



Asbestos 
Exposure 
Level 
(f/cc) 



30 
12 
12 

- 5.0 
2.0 
5.1 



Table based on information from reference [5). 
"Proposed** means not ihcbrpbrated into Federal tftgu^atiojis . 
2/ "Informed" ns^ns incorporated into Federal regulations. 

Si 

28 • 
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Asbeiatojs Industry re gulatlo^^^ 

1931*. these regulations required the adoption of certain precautions aiined a^ 
reducing the exposure of workers to asbestos dust llO], In_l938^ the U*S« 

Service proposed a Mxin^ of 30 f/ccJL'» As 

environmental issues took Pn ttddttlonal intportance, the i970 Occupatiottal 
Safety and Health Act was passed which emphasiTCd th^ need for standards to 
protect the health of workers eacposed to potential hazards at their place of 
work; A standard for bccupatlohal eacpbsure to a8be8to8_wa8_included in ah dSHi 

standard published in 1971 • The standard^ based oti a 1969 Federal Standard 

Issued under the Walsh-Healey Public Contracts Act, also included an asbestos 
exposure limit of 12 f/cc (of fiber length greater than 5 m)^ • 

followed by ati OSHA Standard for Ejcposure to Asbestos Dust published 
in the Federal Register, Voli 37, No. 110, on June 7, 1972 (29 CFR 1910.93a). 
Thlsstandard was recodified to 29 CFR 1910^1001 in the Federal Segtster dated 
May 28, 1975. This regulation applies to workers handlingSor exposed to 
asbestoSy fibers or material cbhtaihlhg asbestos fibers. TheVregulatidhs stipu- 
lated a ^^ximem exposure of 5 f/cc for fibers ^eater than 5 \im iti length bver 
an 8-hpur period on a time weighted average (TWA) basis; A l^el of 10 f/cq 
for a 15-mlnute sampling period was the maacimum allowed any- tl^ Excursion.!; 
This standard for bccupatibhal exposure also defines methods bf^ cpinpliahce with 
regulations » PfC8onal protective equipnie^^ including clothing and resplratbry 
protection, methods of measurement of airborne asbestos fibers, signs and label 
warning of asbestos hazard, housekeeping methods for fiber control and waste 
disposal, recbrdkeepihg fbr mbhltbring and exposures ^ ahd^miedical examinations. 

The original requirement for maxiiftum exposure given in 0Sffi4_regulktlbn 29 
1910.1001 was reduced on July l, 1976 to 2 f/cc for fibers greateS than 5 qm 
In length determined over_ an 8-hour period on a time weighted average (TWA) 
basis. Maximum levels remained at 10 f/cc. Phase 

contrast microscopy was identified as the method of measureinent • (See section 
4.3.3.2 for discussion of phase contrast microscopy.) Appendix A contains a 
summary bf these regulations. 

There has been considerable discussion cbhceriiiiig the adequacy of the 2 ^5^6c 
occupational standard [8] i In December 1976, the National Institute of Ocbuga- 
tlbhal Safety and Health (NIOSH)- proposed to OSHA a further lowering of airborne 
asbestbs fibers over 5 ^mi in length to 0.1 f/cc tWA with 0.5 f/cc as the maximun 
permissible any-time excursion. Phase cbiitrast micrbscbpy was retained as the 
method of measurement. This NIOSH proposal has not been adopted as a Federal 
regulation. 

Regulations promulgated by the U.S. E Agency on April 6, 

1973, apply to the renovation 'or demolition of structures having asbestos- 



— The measurement technique fbr determining the fiber cbhcentratlbh and fiber 
characteristics (e.g., diaxaeter, length) are unknown. 

- -- - '_(___ 

The methbd bf measurement fbr determljning fiber concentration is bnknoKn to 
the authors of this report. 'v 
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fpi bl notlrtS^hen feibvil 11 to take place. The required work practices^ 

the regulattons require that there f no vlstbie emlB.loa. exterior to the 
itructarei 

regulattoM should be referred to the agenclei regional oiixce». 
Regional Offlcea are. listed In appendix B. 

an approved dlspoaal site for aibeiCos-cootalnlng debrle. 

3.3 GUIDE SPECTSaTIONS F0& ikSBBSTOS ASSB SStm^.tND^«»*TEtffiMT3:^ 
3.3.1 XBBoctation of Wall and Celllts Indastrtei (AWQ) 

of the following organ! rat Ions:. AWCI. Public Worka Canada, 

Th^ iuthori of the document made an attempt to eneure that the guide specirica 
tiont Sflect the best technology for aibestd. abatement currently avaU|ble. 
Ho^e"^er!"hey do not claim that uie of the ^Iflcatlon^^^^^^^ guaranteg^rlsk^ 
free, successful abatement "J^ technoldgy 

may )>ecoine available • 



1/. IhclUBion of these documents does not represent NBS endorsement or 
disapproval of their content, 
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The guide specifications ire Intended to be revised to fit the cbhditibns. of 
each particular job. specifications Include actions required by regiilatic 

-as well as guidance bi^^curreht wor^ ^^^ S^l^ance is bfsed upon 

experience ^itU abatement procedures and offers procedures for c5mpiying with 
the regulatory requirenents* f,' 



The guide specificatibns recbmnahd that building bwpers and their^ 
-ttves r^ulre that contractors who subAlt bids for. asbestos' abatement work 
"demonstrate that they have had exp^rjiince tn such work* It further states tha 
they shpuld require contractors to submit letters of reference from the owners 
of the buildings where this work was dbnej^ and air mbnitbring data taken diiriti 

this work. _As an alternative to^ or in addition to^ previous experience, 

building owners should require of contractors submitting bids that the contrac 
tors have successfully completed^ training course in asbestos abatement work. 
If sby the contractprsy should be required to submit letters froin the firm, 
agency, br associatibn which cbnducted the training cburse and a syllabus of 

the sea^slon. T^atnlng^ ????^°^''_?^??^?L^?^?y^?_-^^**??r^??^??_??_*PP??^^^?^ 
lations, work area ^ isolation^ worker protection, the selection, use, and main*- 
tehance of respirators^ proper asbestos abatement techniques^ and proper work 
area decbntatDinatibh prbcedures. ' '_ 

3,3,2 Public Buii^ngs Service ' (GSA) 

The Public "BuildinfSfeervice bf GSA has issued Tentative Guide Specificatibns 
on Asbestbs Abatement^Prbcedures [12]. It cbvers^all - work necessary to reduce 
airborne asbestos^ fiber concentrations to^ a rec^l!^d level and to .maintain it 
at or below that level during constructions it/afso covers procedures for the 

removal atid/br cbntalnment bf friable asbestbs-contaltilhg material. The dbcu-* 

^1 _ _ _ - ■_ _ _ 

merit requires the contractor tb assume full responsibility; and liability for 
compliance with all applicibleF^ 

to the protection of workeiss,- visitors to the site, and persons occupying area; 
adjacent to the site. ^t|. 



3.3.3 Civil Engineering Laboratory (U.S. Navy) 

The Civil Engineering;^ tafeoratory. Naval Cqnst ruction Battalion Center, In 
February, 1981 i88ued_'rechriical Report R883 "Management Procedure for Assessmehi 
bf Friable Asbestos Insulating Material** [5]. This dbcumeht jprovides prbce- 
dures for evaluating friableasbes An asbestos "hazai 
index*' ts presented for determining if an abatement i^oject should be initiatec 
The "hazard index** is currently being tested at_ Naval facilities. : The document 
alsb includes guidance oh proper interim control measures ^ as well as guidance 
for selecting and specifying^appropriate ldng*-term control tsgasures, standard- 
tzed safety procedares, ado personnel protection during maintenance and control 
of friable asbestos-containing insulating systems , ihcludirig tlieir disposal. \ 
The Ibhg-term cbhtrbl measures emphasize the heed for cbst-^ef f ective alterna- 
tives which will meet current fibiSr pbllutibh res trictibtis. 

Although the docume^nt does not present guide specifications for asbestos, 
abatement » It does provide Information with regard to the factors tobe consld^ 
ered iii cbiitract 'preparatibhs. The dbcumeht alsb presents samples bf technical 

f. : " ' ^ 
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•ptciflMtioni for dry wnovil, .i^i:. riobvilf and pf_frtibli 
iibiitbi iniuliting mitlriil ind llb9|toi contcmtna^ iurti th« •AmpU;_ 
tichnlcil ipiCtflCBtlOM wtw prtpKtd i^^^ with EPA* OSHAi and Navy 

nialstioni on handling aabaatoa matariala* 

3.3.4 Naval Facilltiii Shginiiritig Command (NAVFAC) 

NAVFAC hii priparad a draft guida •pacific«tion_NPG8-i32075j "totw^ 

Diipoaai of Aabaatoi.Hitiriali** U^I._ Thii draft|guidi ipacificatton ia 

intandad to bi uiad W Naval piriotina^ Ai a modal in preparing projfct apacif i- 
catiohi. It coveti tha_|afity_proJ5adaraa «^ raquirani^ 

diipoaal of f riabU aabaa;toa-containing matrrial. Non-f riabla = j*^ con- 
taining asbaatoa normally do not raquira. handling and diapoaal groca-^,^ 
daraa anlaii iuch matariali ara iavhj pulvarilidi* or haadlad in aach a Bannar_ 
that will cauia duit and airborni aabiitoa fibara to ba ralaaaad* If tha pro- 
jact contaiiii nonfriabla aabaatoa that ia conaidarad. to ba hacar^^ 
Mtarial condition, than thi nonfrUbla^aabaatoa ahall^ba apacif iad_ to ba 
raotovad in accbrdahca wit|i prdcaduraa aatabliahad for friat^la matarial* 

3.3.5 Offica of. tha Chiif of Naval Oparationa (bPN*^f' 

On Fabraary, 12^ 1982 OFNAV iaiuad Inifruction 6260aB|_ "Cbntrpl^pf' Aibait^ 
Expoiura to Naval Paribhnal and Envitoha- [14]. Thaaainatroctiona ara intandad 
■ tb ahabla U.S. Navy parionnal to comply with tha national aafatyahd haalth 
itandardi for aabaatoaragardtng occupational haalth ^ndtb cbmplywith the 
National Emmiaaion Standard for aabaatba fbr anvironmatitat protaction. 

3.4 AHERICAS SOCIE TY FOR TESTINO jOTO tttCTR I A I^LUSTM) St^DARPS PEVSLOPMENT 

3iAil ASTM Tmik Group E06.21.06E on Encipiulitlbn. of; Building Mit«ri«li 

In ASTM Committaa 26 oh_Par|ormanci of BuildtM Conatructiona, a-Taak Group on 
Encapiulacion of Building MBtariaiajB06*2l*06Ej ia chargad with tha davalop- 
laant of a Standard Spacification for- Encapaulatihg Aganta fbr Friabla Aabaitoa- 
Containing Building Matiriali. A draft_|tandard ia in praparation and may ba 
chahgad prior tb being adoptad aa an approvad atandard* Xha praaant acope bf^ • 
thii draft daacribaa tha taating and parformanca bf_ahcapaulahta,daaighad t^/ 
Mduce or alindnata the ralaaaa of aabaatba fibara frbm tha maftix of friable 
W^ray- or , trbwel-appliad aabeitba-cbntaini*ng building materiala. 

■Jha, "draft" atandard conaiata of two aaparate teat prbtbcbla with acceptance 
• criteria: 

> _ _ . . _ . ■_ __ ^ 

1. a aeriei bf labbratbry talte which ihow whether an ancapauiant ia 
capabia of acceptable performance ^cm a apecified aabeatba**f rea±' 

matrix ^ and; 



This is necessary aince EPA^ doea not allow the uae bf aabaatba In preparing 
laboratory teat aamplea. ' : ^ 



iboratory 
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2» a_flerle8 of tests to be conduct the field at each location 

♦ w^^reencapsalsttotiL is being considered, which show whether ah 
encapsalant is acceptable on the specific jubestos-contsining 
matrix* 

?^^??_^^^^_??§^?_*'?§5^§?^_^°^f _?9 provide a aeahi f or dctermitiihg whether 
encapsalation or ^ny other control te,chnique is sui for any particular 

Installation of friable asbestos-containing material and does not give guidanc 
for making such a deteHninatlbh. The purpose of this draft standard is to pro 
f 9?_^^^ ?^?-*ctloh of ah erlcapsulaht once the decision to encapsu 
late has been made* it , is assoMd that^users of this st have already 

made a decision to encapsulate friable asbestos-containing material and that 
this decision is apijrbprlate. ' 

P?^P°®?^ ^o?_^§^9?§tory tes are: cohesion and adhesion^ 

penetration, deflection, surface abrasion, air f^osion, fite resistance, sur- 
face burning, and surface jLinpact. .With regard to field testing, the proposed 
test methods are: ^^hesibh and cbheiioh^ pehetratiph (for penetrating encap- 
salant s only )^ and fiber re lease • The test prbtbcbli in this standarddp not 
cover the permeability to water vapor of encapsulants^w^ applied tb friable 
materials^ or the mildew and fungus"* resistance of encapsuiants , or the ability 
of penetrating encapsuiants to aid control of application amounts by ttntingi 
These properties may be determined by bther standard test methods. 

For information about the status of the ASTM draft standard the reader is 
referred tb ASTH headquartersLL' . 

ASTM Standard E84S t 

. _ •■ _ '_ _ • _ _ 

the ASTM Standard E849,_ Standard Practice for Safety and Health Requirements 
^^^^tihg tb Occupational Expbiixre to Asbestos [15]^ was approved in April 1982* 
This standard is intended to be used fbr bcciipatibnal ekpbsures including mint- 
ing, milling, transportation, ^^nafacturlng and product use. The scbpe 
excludes occasional work that may involve intermittent exposure and pathdld- 
g^cally inert particulates such as certain asbestba cement dusts. Section 3.i 
°^ is ineant tb "(a) protect against the development 

of asbestos related disease; (b) be measurable by techniques that are valid, ^ 
reproducible, and available to industry and official agencies; and (c) be 
attainable with existing technology". 

The maximum exposure to asbestos for a specific ti^ by the standard 

calls fbrthe concentration of airborne asbestos particulates not to exceed 
permissible bccupatiohal environlfental licaits of 2.0 f/cc based on an 8 hoar 
^^^ J'?^?^^^^.^?^?^^^.^?^. 10-0_f/cc based oh -peak leyels. the fibers are 
defined as monitored particulates with an aspect ratio of at least 5:1, a; 
minimum length of 5 pm«^^ a maximum diameter of 3 pm, and the appearance of a 
fascine (bundle bf sticks effect). 



American Society for Testing and Materials, 1916 Race Street » Philadelphia. 
• PA 19.103. 



tht AStM Standard _E649 ihcludai annaxaa 'vith mahdatipry ihfpn&atibh bh_ 
characteriitici of aibeitif orm q^cuiralif^ aptdcmiol^ tcatti 
tationala for thi 5:1 aspect ratio, oidgat- impingar inatrunant for mtnarai 
dost aampitng, and paraonal protactiva aquipnaht. 
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4i^';EVAtlJATiON OF ASBESTOS-eONTAiNING MATERiMiS IN BUILDINGS 



?5_4?_?^^e88aty that a cbMiflbent^ the ' 

condition of asbestos-coatatntng matertal in an agency's Insilding inventory^ 
The dethbdoiogy presented below represents a compilation of procedures devei** 
bped from a review of the literature^ analysis of procedures used by Federal 
^ and local gdveriunental agencies, and those found most effective iii ah asbestos 
survey 'NBS performed for GSAi 



4.1 REGIONAL SURVEY 

Whett an orgaolzation has a large inventory of buildings which are geographical 
dispersed^ _ it is necessary to determine^ on a regional basis; which buildings 
have friable as bestds^cbhtainihg material and may require abatement action* 
This is necessary for setting priorities and establishing budgets. 

Scope of Survey 

A. A representative of the regional office who is knowledgeable of 
asbestos assessment should visit every building in the region to 
identify locations where asteatos-contalnlng materials may have been 
applied* Samples of suspected materiala. should be taken from these 
Ibcatibns for testing*. Eveh_ thbugh_ fireproof ihg andinsulatibh 
cbhtaihirig asbestos were applied bhly in the period fbllbwing World 
War II to the early 1970* s^ no building should be excluded from such 
a survey* Buildings constructed before and after this period of time 
may have undergone renovations where, asbestos materials were used. 
Each f Ibbr including basemehts^ penthouses^ or 'attics shbuld be 

Y^????^^? Materials containing asbestos may be located in 

numerous areas of any building: (1) In opc^n view on ceilings, walls 
ot"^ piping throughout the entire building; (2) in one particular room 
(cbmputeriL keypunch); (3) in corridors and staircases; in 
restricted access areas such as mechanical rbbms., or pehthbusesi or 
(5) In enclosed spaces such as air plenums above suspended ceilings 
or vertical air shafts*; 

B. ) Bulk saunples of mater suspected bf cbiitainihg asbestbs shbuld be 

analyzed to confira its presence and to assist in assessing the poten- 
tial airborne asbestos fiber level of each bjilldlng. The general 
cbhditibh and the IbcStibn bf the material should be noted. _ Sampling 
techniques; including an inexpensive arid simple field test fbr quickl> 
determining whether asbestos is prese in building materials, are 
discussed in more detail in section 4; 3^ 

C. Based oh data cbllected in A and B^ buildings should be selected v. 
for detailed follow-up investigatibti as butlined in section 4,2. 

4.2 BUILDING INSPECTION PRdCEbURES , - 



Af?er it hasten deterMhed thr^^ the_regibhal survey that a building has 
friable asbestos-contatnirig material, a more thorough Inspection should be made 
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The fbllbwing steps may be taken in detertalnl^ 

cbridltlbti of asbestos materials seeded to evaluate the baiidtng with regard 
to_a8best06 appllcattonsi ^ ; 

■ . ■• ■ ■ . . ■ ■ ■ ' ■ i 

4.2.1 Discussion with Building Peribtipel 

',, _.y .J^._ _^ 

Maintenance and dperatlohs be piost familiar with the 

building and applications of asbestos-containing ^te rials. They should be 4 
able to provide inf birmatibn oh the special i^rbgj^di^^ fbllbwed in the building 
when working around asbestbs-cbhtainihg Mterlals and building docu« 
(plans, specifications, etc^). Historical information relative to previous 
asbestos evaluations, abatement actions t akin or planoad^ etc*^ can alsb be .. . 
obtained from the staff. - ' 

_________ _ _ _____ 

4«2*2 Review of Plans and Specifications ^ 

Building cQnstruction records should be reviewed to determine where aibes 
cbntaining materials may be. Ibcated, to establish the type and concentration of 
asbestos in the material, and tb assist irtjevaluatlnf buildi^^ may 
affect airborne asbestos fiber levelsj^'^'^Sittce records may erroneously report 
either the presence or absence of asbestos^ reliance on building records alone 
is not recomxnended* 

^.2*3 Review of Previous Ipve^sttgattons and Abatement Actions 

Many buildings have had previous asbestos investigatibas and/or abat^ 
actions taken and this infbrMtlon should be revlesed. 

perspective allows an evaluation of the condition 6f the material over time and 
would be vital in preparing future reconmcndatibhs. ' ^ 

4.2.4 Walk-Through Ihspectibh 

The following can be accomplished during the inspection of the buJ^lding: 

a. compare as-built conditibh of the building to 'that showxPfetr-fivailable 
plans and specifications; < 

b. * deterMne location and condition of asbestos-cbhtalnihg^M with 

apprbpriate phbtbgraphic dbcumehtation; 

, _ _f L _ _ "__ _ * 

c. evaluate building systems which may affect airborne asbestos fiber 
levels (e.g., open air return plenums); 

d. seleet pbrtibns of the building which taay require follow-up sampling 
^nd Valuation; jnd 

e. determine the_ ctlaracteristics of the building occupancy which My 
affect the sel^ctibh of asbestos abatetaent actions (e.g., effect of 
temporary relocation of tenants )i ^ 

^ 36 ' ' 



5^ 



ERIC 



4.3 SAMPLING TECHNIQUEsl ^ 



AfterMCerial which may contain asbestos fibers is located in a building ^ it 
is necessary to first confirm its presence ^ and then to determine if asbestos 
fibers are being released to | the air* Guidance for the_ samp ling and analysis 
of asbeitbi-cbntalhing uatetiilB has been prepared' by EPA [16]^ 

4i3il Field Test for Asbestos^ It - 

Kim and Rupen have deyelpped an inexpensive and simple field test (K^ test) for 

quickly determioing whether asbestos is present in building materials [17 K 

The Kr test is a color screening test that reveals the presence of the magnes- 
ium or iron found In asbestos* The test procedure consists of mixing a small 
sample of material with selected chemicals and reagents which cause the magne— 
slum or irdii to be released. These: elements then react with the reagents to 
produce either a red color for iron or a blue Eolor^fpr tsagnesiuos* No color 
change means that neither iron nor magnesium is present and indicates the 
absence of asbestos* If magiieslum or Iron' Is present , a sample should be sent 
to a laboratory to confirm the presence of asbestos* If a test is negative^ 
however, J^he probability of finding any asbestos by further testing is extremel 
low and does not warrant laboratory analysis [i7]« • 



While the validity ahd-accuracjr of the test has be d'li shown by . labor at|>ry 
analysis y field experience has indicated the fbllbwing prbbrema£' : 

Ai Some field personnel f eei uneasy doing the test because **tearing" of 
^ the bulk sample Is Involved^ resulting in potential asbestos exposure 

even thbugh precautibns are taken (reipiratbrs are wbrn, wSt samples 
^ are used, etc;). y , 

B. Some nontechplcar personnel collectling samples do not want the 
respbhsibility bf screening and deciding* 

4.3.2 Bulk. Sampling [4,5,16] ^- > 

Once suspected asbestps-'cohtalnlhg material has been Identified in a building, 
the entire building should be inspected for Identical materials. If other 
forms of suspected materials which differ in texture, fiber type, or color 
(other than paint:) are founds these should be noted as dlffereiit io^terlal areas 
and sampled separately* After inspedti'hg th« building and taking samples, the^ 
samples should be analyzed by a laboratory. The remainder of this section 



1/ NBS has hot evaluated the measurement methods discussed in this report and 
therefore neither endorses nor disapproves tJheir adequacy. 

1.^ A dSscription of the test method is available from Publications 

Dlasemi;natlph,_DTS, Natlbhal Institute fbr Occupatlohal Safety and Healthy 
4676 Cblumbia Parkway, Cihcihnatl, Ohib 45226. 

Private coraraunicattom with test developer.; 



di0CU8B60 Che aelectioh of an analytical technique i_ the selection of a 
labbratbryi and practicas to ensure .i|Ullity of results • 

4.i3i2il Select ton of an toalyilcal iechniq^dc for_Balk Samples [5] 



materials suspected of containing asbestoi^^c^ inixture of asbestbi 

and other components such as fibrous glass » roc _^oodpalp^ and 

paper fibersi Bulk samples of building materials are analysed by sticroscopic 
inspection to determine whether asbestos is present and » if it is present^ in * 
what quantities and- types* Lentten/ et. al«; [ 18] , discuss a statistical ajppraach 
to evaluate precision aiid accuracy of, laboratory measurements pf asbestOB^in 
balk insulation: materiaii There are three pc^st^le f tber identif teat 
niqyes: polarized light microscopy (also known as pe^Fbgraphic microscopy) ^ 
x-ray fltf fraction , and electron microscopyt ' 

Polarited^light microscopy is tha technique most widely used, prtmarily because 
the techntq^^jts well establtshed and tKe analysis is relatively low in coat • 
The techni^[5e involves the identification of substances by their '<i|itflci^ And 
crystallbgraphic prbperties; ah experienced microscbpist can locate -aye^s 

amounts of asbestos in bulk samples. Accuracy below: five percent is quei^Cton- 

able and should be regarded as a trace. Samples below five percent tend^t^o be 
inhomogenouSi ^ * 

X""??y_^^?f?§ctlon Is a more expensive technique which involves exposing ia small 
sample of the material to x-rays and identifying minerals by their unique dif- 
fraction patterns. The technique' usually yields information with a high degree 
bf diaghbstic xeliabillty. However, i? is liot suitable as an independent met- 
hod of iinalyzlng samples to determtne whether they cfntaln a^ two 
reasonsi First* X-ray diffraction cannot differentiate between fibrous and 
nonfibrpus forms of serpentine and amphibble minerals |_ and cannot positively 
Identify a mineral as asbestifbrm. Secbhd, It may fai^ to detect small cbncen- 
asbestos (less than two percent to four percent If fibers are not 
Nxdncejt^fated during iaboratoyy preparation). For these reasons, X-ray diffrac- c 
t^rtJTT shouii be used only as a supportive techhtqiSe to confirm results achieved 
by pblarized light micTbscbpy. 

The third microscopic technique is electron microscopy i Although specific and 
accurate fiber ^t^ntificattbh can be achleyed using thia twhhique, particularly 
If it is used iii^^bnjuhctibh with pblarited light mlcrbscbpy arid X-ray diffrac- 
tion, tne' cbst br electron microscopy is extreinely highi and the ayallabilt 
of laboratories which can^onduct the analysts is itmitadi Electron microscopy 
is not a precise method for determining asbestos cbncentratibn* Analytical 
methbds of arialysis recbmmehded by EPA are pblarizad light micrbsc^^ with br . 
without dispersion staining and X-ray diffraction EPA does, not recomaend 

electron microscopy as a method for analysis; its primary usefulness lies in 
its ability to resblve any ambiguities arising frbm the use of polarized light. . 
mlcrbscbpy and X-ray diffractibh. If dat^a bri the lerigth, width, cbriceritratJ.onV 
arid species bf mineral fibers are needed, microscopy taethods are necessary for 
mineral fiber analysis. Because of the small size bf the particles, electron 
^nxlcrc^acopy 15" necessary U9]» ^ i 
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table 4* i. from reference [5] summarizes the advantages and, disadvantages of the 
three bulk sample analysis techniques. 

Table 4^1 Summary of Asbestos Bulk Sample Analysis Techniques^/ 



Method 


Advantages 


Disadvantages 

- ' - 


Petrbgraphic 
Microscopy 
(Polarized 
light micro- 
scopy) 


Relatively rapid and low . 
cost per analysis > suited 
for exact identification 
of minerals present and 
estimate of abundance 


High level of operator training 
and experience required; fibers 
with diameters of less than 
0.5 pm cannot be identified 


X^ray 

Diffraction 


Unambiguous mineral fiber 
identification y rapid 
fingerprinting of sample 
with penaasent record 


High investment in training 
personnel and capital equipment; 
may not detect minor fiber 
abundances (less than 2-4 per- 
cent) » especially if other 
crystalline phases are present 


Electron 
Microscopy * 


• 

Absolute determination of 
fibers present and iden- 
tificatibh of miheraL; 
species 

i : 


High equipment and analysis 
costs; highly trained operator 
required 



1/ Table taken frbin reference {5] • 



4i3;2i2 Selection of a Labor atu>ry 

The ideritificatibh of asbestbs in bulk materials is hbt a routine laboratory 
procedure^ Only laboratories which are actively engaged txv using pblarlzed 
light microscopy or X-ray diffraction to determine whether asbestos is present 
in bulk samples should be considered for this service i GSA requires proof of 
qualif icatibhs of testing labbratbry apd personnel be submitted for approval 
by Che contracting officer 112]. 

EPA sponsors an_anaiyticai proficiency program for bulk sample" analysis with 
approximately 75 labbratbries currently participating in the program [16]. EPA 
P?r^-°^^-^^^^y labbratbries samples bf materials with the asbestos 
/content known only to the agency, EPA compares the results determlried by the 
laboratories with the actual asbestos content of the materials. The results 
far commercial laboratories which participate in the program are available from 
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EPA by caitteg (SQO) 334-8571^/. EPA has published a_ procedure fbreva^^ 

the performance b£ labbratbrlei which have not participated In the program [16). 

in order to ensure that the laboratory <iias analysed the samplei according tb 
the procedure requested, and to facilitate the recordkeeping proMSS, It Is 
ISportant that complete reporting of .the analyt^ from 

the labbratbry. A complete and signed . report should be obtained from the 

laboratory and should Include the followlngr 

1. Sample Identification number and name bf requesting organisation. 

2. Analytical method used to analyse the sample. 

3. Percent of each type of asbeitbi preient. 

4. Type and amount of^ fibrous material present in the sample. 
4.3.3 Air Monitoring (4,5^16) 

Air mbhltbrlngi currently the mos^ widely used measureient method for 
determining airborne asbestos fi^r levelS| _ls subject tb ifieasurement Inaccur- 
acies inherent with the methodc>logy emplbyed. Alid^ it provides only an esti- 
mate of thi^ iictual number bf fibers In the air at any given time while extent 
of fiber rileaie may vary widsily, over time i Levels may vary depending on the 
' level of tTsB activities in the building^ as well as changes In the building 
conditions • : . 

Guidance orL S a mp ] 



^ \ __ _ _, ___ _ ___ 

Considering the current state-of-the-art > It Is hot possible to outline a 
statistically based approach fbr collecting an^ analysing air samples in a 
building. Such approach would have to consider ail relevant factors such as 
building construction characteristics^ occupancy type ^ typical activities bf 
occupants, etc. The' following general guidance is provided in selecting an 
air sampling program. 

Cbhdltlons utider which air sampling should_be scheduled iri; a building are: 
(i) normal occupant activity^ (2) custodial activity^ (3) routine malnce^ 
hear asbestc^-cohtalhihg materials, and (4) application of building modifica- 
tlbhi directly affecting asbestosrcontaining materials (e.g^^ movement of 
partitions, construction of floor V^^^tratlohs]! . Sampllhg under •*quiet" condi- 
tions; such as at night, may bemlsleadihg because asbestos fibers tnore likely 
would become airborne as a result bf diiturbance through human activity^ 

•» 

Reference [5] llatB the following criteria as basic to any air monitoring 
program: 



Research Trianglei Institutes Research Triangle Park, North farolina. 
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. !• Samples obtained should be representative of the airborne fibers at 
the sampling point* 

2i Numbers of samples most be sufficient to compensate for the variation 
of cbhcehtratibh with time and space and represent "full shift" 
escpbsure to the worker* 

3* Samples taken^-for short periods of time with low volume personal 

monitoring pumps. can only be satisfactory in high dust opncent rat ions 
where a measurable ^pbuht of asbeatos can b^ captured. 

4; Long period safflpltng instruments must be_u8ed' in low concentrations 
to obtain environment ally significant samples* 

5. Samples must be taken within the workers* breathing zone or in the 
tmmpdtgte work areas, as well as outside of the controlled area, as 
necessary, to properly characterize airborne asbestos fiber levels; 

6. All persons mbhitbrihg asbestbs^cphtaihing material^ as well as persons 
evaluating samples of the material, miist be judged proficient in these 
disciplines, in accordance with generally accepted methods; 

Lbcatibhs and building activities where air mbhitbrihg may be conducted include: 

' A, O cc upi e d Space (offi c es, medical^ food preparation, etc ^ 

:_ _ 

Moilitbring _ devices for collecting personal, samples should be placed in 
the breathing zbtie of persons who bccupy the rbbtd during hbrmal build- 

exposed filter should face downward within the 

breathing zone. 

B. Air Return Plenums and Vertical Shafts 

In open air return plenums where structural members are coated with 
fireproof ing containing asbestos ^ the air should^ be sampled for 
asbestbs fibers periodically during nbrmal building activities, and 
when^ renovation or asbestbs abatement projects are underway. Vertical 
s^A^^B which return the air from the horizontal plenums to Che main air 
- supply rooms should also be sampled; 

C. Maintenance Activities J 

Periodic samples should be taken in areas where maintenance activities 
are being conducted tb determine whether excessive fiber release is 
occurring. - ^ . 

b. Building Renovation and Asbestos Abatetigint Activ<itiea 

Air monitoring should be conducted during renovation projects which 
damage asbestos^contaiiiing material arid during abatement projects. 
Area sampling should be done inside the^sealed workspace, itzunediately^ 
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oatBlde the workspace » near aii major openings, and inside the clean 
room and decpntamihatibh room. Adjacent occupied Space and air return 
planumi should also be i^nitoted; Personal sampling of abatement 
workers should be conducted. 

dSHA regulation 29 CFR 19I0.1D01 sets limits for permissible exppiiire to 
airborne cbhcehtratibhs of aibeitoi fibers for renovation and asbestos 
abatement activities (see appendix It). 

4.3.3.2 Measurement Methods for Air Samplei 

PMf^.cbntrast microscopy li specified in section 1910ilM 29, • 

Code of Federal Raguiations, as the method of fiber content measurement of air 
samples (see appendix A). A iample is collectedby drawing air through a mem- 
brane filter at a known rate. A iegmsht of the filter is then tou^ 
cheinically to make the filter membrane transparent, and era^ned using a 
apecial nicroBCOpe reticle and counting procedure with phase-contrast illuoiina- 
tibn at 400 to 500 magnif icatioh« Particles are observed for shape and size. 
Results are presehted_a8 the number of fibers per cubic centiiMter of air draw^ 
through the filter; This method has limits on the fiber sire rang^onjrWhich it 
can be used with only particles having a length-to-width (Mpsct) rati? greater 
than 3:1 and a length of 5 pm or greater counted as fibers (see figures 1.2 and 
4.1)._ Secondly^ reference E6J points out that fibers other than aibestbi (e.g. 
cellulbie, glSss fibers) whicl^are likely to b^ present in ambient air would be 
counted by phase contrast micro! copy. Finally, the measurement method would 
miss very thin fibers of any tTOe (<0.5 m in diameter). It should be noted 
that substitution of another fiber meMuremeht method, sucli as thbie listed 
belbw, wbuld require a special interpretation by OSHA; 



The electron microscopy method permits detailed examination and identification 
of asbestos fibers of all sizes. Either scanning electrbh microicbpy or trans- 
mlssibh electrbh microicbpy is used. Magnification necisaar^ to ite 
asbestos in its smallest dimension is ^thin the range of these instruments. 
Fiber size^range detected by electron microscopy is all inclusive while that 
seen optically by phase-contract microscopy. is much morelimited. In^sbme 
ca^s^ the distributibh of fiber length will fall .belbw 5 pm, ptbducing^a zero 
fi&r coiint by phase contrast microscopy, b^ smplB may have a js^ni- 

ficant fiber count when examined by electron microscopy .c^ Analysis ^y election 
microscope is extremely expensive (maybe 15 times costlier than phase cbntraat 
microscopy) ahd_ time-cbhsumihgj^' ^ahd the number bf labbratbriea which can ' 
cbndiict the analysis is limited.*' . 

An EPA provisional method 120] is also used for the measure^^kiit of airborne 
asbestos cbncehtratibns. The main features bf this method include depbsitin^^^ 
ah air sample on a pblycarbotete Mmbrane fi electron micro- 

scopy grid specimen in a transmiBsion electron microscope and verifying fiber 
identity by selected area elegf^gn diffraction. 
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^4.3.3.3 Comparison of Alr-Safflfillng Results With Federal Regulatibhs 

Specific guidelines are hot currently available for occupant exposure to 
airborne asbestos fibers in buildings baving tn-^lace asbestos-containf ng mate- 
rials (fireproof ing, Insulation, etc.) that are not disturbed by maintenance ^ 
' r^novatipn, or removal activitieSi What the limit should be is unknown, but 
subject to muck debatej,v As; noted previously^ the EPA has developed some 
guidelines for 8chobl8\|3,4,21] , but air sampling Is not included. 

The OSHA regulation '29 CFR 1910.1001 (appendix A) has set the permissible 
exposure level for asbestos fibers at 2.0 fibers (longer than 5 ynl) per cc of 
air on, ah 8 hour TWA basis for situatibiis '' where work in t^ 
' ^ the iri-place materials containing asbestosi Allowable concentrations of air- 
borne asbestos fibers when work is taking place is 10.0 fibers (Ibhger than 
5 pm) per cc of air. 

^OSHA alsb has issued an instruction fb Fiber Concentrations 

for Initiating and Continuing Asbestos Medical Examinatlohs _( 22) . The ehfbrce- 
nsnt guidelines require that, medical examihations be give h fbr ah asbestbs con- 
centration equal to or greater than 0.1 fibers* Ibhger thaii 5 lin, per cc of air 
bh ah 8 hour TWA basis. 

4.4 AVAILABLE tgTHODS FOR EVALUATING THg POTENTIAL ASSEgTOS EXPOgURD IN 
BUILD INGSI ^ 7 '■ ^ 

■--^ • * - •-- - 

Several asbestbs exposure indexes have been developed for application in 
buildings which are claimed by the developers to provide a basis fbr makihg 
decisions --regarding abatement actions. 

I _ 

_EPA published a draft guidance dOcuMnt [ 4 1979 which identified eight 

'""^^actors which shwjld be considered by school officials when determining whether 
a hazardous condition exists due, to the^presence bf friable asbestbs. They are; 
(1) condition of material^ (2) water damage, (3) exposed surface area, 
(4) S^ceiiibility, (5) activity and moveiaent, (6) air plenum or direct air _ 
stre^, (7) friability, and (8) asbestos content (as determined by_bulk anal- 

ysisj. This was followed by the development of a "Draft Asbestbs Expbsure 

Assessment Algorithm" [23] which is a methbdblbgy for obtaining a quantitative 
expbsure number which can be used to select various options for asbestos 
cbhtrbi; EPA has phe algorithm under evaluation and has hot, as this writing, 
published it in final form. 

The algorithm was prepared taking into account fiber characteristics^ 
risk factors, and tiXpertence with school exposure situations. It does not 
consider factors such as duration of exposure and population characteristics. 




U NBS has hbt evaluated these methods and neither endorses nor disapproves 

their application. They are included for the reader^as a guide fbr the 

assessment and abateTCnt of asbestos-cbntaihihg mate«.alB. It is recommended 
that the reader cbhtact the organizations which developed these evaluative 
methods if additional information is required. 
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There are three steos in applying the guld^ 

a namertcal vaiae corresponding-^ to their proper description^ (2) the, numerical 
values are combined by a. mathematical formula to produce the exposure number; ~ 
and (3) the exposure number. is cbmpated to the corrective action scale; 



GSA has taken the EPA algorithm deveipped for schools and modified it to be more 
representative of highfise -gildings which are owned and l^aMd by the Federal 
Cove'xrnmeht ^24J. -„ \JJ • 

^ __ ...v/_ _ . _ ^ 

The Navy Ms J^^velbped a .hM^ifd In^^ section 3i3p3) with the assumptions 

that potential health hazards associatedwith the presence of friable asbestda ^ 
depends on; (1) the level pf escpbsure-i (2) the number of persbns escpbsed Co 
'.asbestos fibers; and (3) the duratibn'-^^f expbsute (5]. J^e level of e.xppsu^^ 
depends on the percent of ,as^eatoji f iter as^determin^ bulk analysiig, fria- 
bility of the material, and ieVe^i of * activity in Che space wheire kabestbs is ^ 
located. The index recognizee tbat as the number of . people exposed to a par-' 
ticular cpncehtratibh of alrbbnie asbestbs ^fibers increases, Che ■ chance of soBie 
adverae effects also increases^. T^?^??^??i_^^^_??^^f^??_^^??F5 indexv number . 
will/^ greater where a large number of people are exposed; chad for a situation 

^re lesser numbers of people aye expose4;__The length bf time an_ individual > 
is exposed tb a given level of ^bestbs fibers contributes to the like lihobd ' 
of adverse healthef fecta. Therefore, the hazard index number will be 
when the number of hours that individuals .are exposed in a year is. greater. 
Application and testing of this index is underway in U.S. Navy facilities. 
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Ibng'-terTn aibeitoi abatement idlutidh,ihduld 'be based on the condition of the 
asbeatoi-containing tnaterial, it! Ipcation, the function and occupancy of^ the 
work area, and the costi Each ^- building area containing such material should, be 
considered separately in evaluation and selection of abatement techniques*' 

the select ion of ja corrective Maiute or te it shogld Be determined 

whether the situation requires entire removal of asbeji^oi materials to eliminate 
exposure br merely control of the exposure ""by containment methods. Encapsula- 
tion and enclpsure;*are cbnt^iipeht ml|thlDds that^M prevent or reduce expoaUt^ 
to aslrestbs-cdfiitairiihg inateriiil but 40 not; eH 

should; he given ^to the fffect^erafe and pe^iaanency of containttenf methods. 
Jhe sbiirce of airborne asbestoa^fibers may 'ireappear^ because of inadequate Ibng- 
teiS performance of corrective ibatemeht te^hiiiq^^ ^a^ge to 

cbirricted areas caused b^ repair or remodeling activities. The two approaches 

to^he control of «irboi:ne asbestias flbeY levels may be either interim or long- 
tensx.measures* Two Important considerations in the selection of either of these 
measures are the ISvel of deteribratibh of the asbestbs-cbhtaihihg material and 
f unctidn ^£ the material. For exaSrplej if fireproof ing has deteriorated to the 
point that the requir«jjprotection is no longer to structural members, 

intetim measures may "not be a proper selection even though vety feasible. 



liystem for asbestbs^cbhtainihg materials in ichbpli [21]* The document recbm* 
mends that ah asbestbs management iyitem ihould be implemented for each^ 
ihg with friable asbestoSTcfntaining mater^^ to contr^ the level of 

airborne asbestos fibers and to coordinate related activities. Dtkring the 
period between identification and resblutibh bf ah asbestbs expbsuje problem, - 
the 'management system team should establish ah educational and train^^ 
and procedures that will reduce levels of airborne "hfstrfs fibers by control 
o^ maintenance » custodial, and repair activities. If a containment abatement 
measure is selected^ a continuing inspectibn ^^^d^mbhitbrihg prbg^ should be 
initiated. The maiiagcmeht system team should bfrfcr to oversee the engineering 
prbgram and should be composed of Mmters the buildings^ architectural/ 

engineering istaff, planning and estimating office, building maintenance shop, 
safety of^ce, and if available, ah industrial hygienift. 

The management system prbgram shbiild include as a minimum, the following 
activities: w - 



5.1 INTORIH CONTROL MEASURES 




An educational program to ihfbrm the bccupahts bf^he building bf the 
asbestbs-cohtaihiiig materials.^ 7 




A recordkeeping system on file with the bulldfrfg^ architectural/ 
engineering staff and with the building* s maintenance persbhhel. 



Records bf the location of the asbestos-containing materials and of 
inspections and reevaluations of the conditions bf these materials. 



• Periodic sarveys for de|ecttng any changes In the condition of the 
asbestos-containing materials. ^ 

• Maintenance work procadureS'Co limit the relate of airborne asbestoa 
fibers, ' ' ^ 

^ # Proper dust control procedural for the custodial itaff • 

In the Interim period, >&ia lava! of airborne asbastoa fibers may be reduced 
significantly during esstntial custodial work if dil-treated dust mops and 
cloths or dami mops are \iietl ihitaad of dry dusting and smeping. .Vacuuming 
should be. carried, but usikgu^gft^ 

vacuum cleaners or otl»r' s^^eml effectively filter asbestos fibers. > An 
indust:rial hygienist can^dvlse andj^p^rbve. proper custodial methods and. - , 
equipment to recede levels of airborne asbestos fit:ii«a« ' 

5*2 LONG-TERM CONTROL MEASURKS . - 

*The long-term coqtrol measures include containment and rembyal methods. 

Cbntainment methbds include encapsulation'' and. ejnclosure^ a^nd rerov ^ i 

' accomplished by wet oc*^dry^ n»thodsi-_ These long-term « can be used separr ^ 

ately or in combination in a l^uiidingi A brief de's<rrlj)tibn of these methods 
follows: * " , ' 

\* ' Encap8uiatlpn_"_asbeatbS7C^ 

^\ with a bonding agent or seafent which restricts release of fibers. 

9- Enclosure - asbestbs-cbntainiptg mater4.al Is separated from the building^ 
V work are^ envirbnmeht by barriers sii&h ai^mpervibus sheatVilng* 



•^s Wet Removal - asbestos-'CSp^taining material is removed using amended 
! water (wetting agent^ an^ disposed of by burial in sealed cbhtaine 
at an EPA-apprbvid landfill site. 



'4 



• P?y_^?™9^*^_" Abestos-cqntaining material is removed^^dry and disposed 
by burial in scsaled containers at an EPA-^prbved landfill site. 




Rembval br cbntainment bf asfestbs-cbntalniiil^a 

specialized equipment and persons iayolved iri (working with the material whb 
should be made aware of EM, bSHA;*a3d ibcal regulatibhs and standard procedures 
thrbugh training. Superihtehdehts ^ vJoremeir* and contract inspectbrs shbiild 
check fbr cbmpliarice with regulatibtis arid prop^sr work^racticesi 



5;2«i Containment 

_. ^ _ " 

Cbhtaitimeht bf asb€ 

systems in general takes less titEie than removing the material and is less 



Cbntairimeht bf asbestbs-cbritaitxlrig material by ericapsulatibri or enclosure 



l^^^^A. filters in conformance with ANSI 29.2-H»71^- Dcsigit arid Opisratibri' bf 
't/Lbcal Exhaust Systems." ^ 
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ixpihfiyi^ ilPiciiUyJif.riplicinint of avotdid* It wtit b« 

understood that tha airborna ^asbastos ftbar aourca ramains and that damaga^ 
dataribratlpn^ oy_failura_Qf tha protictiva ayftom may raiult in racurrahci of 
aibaitbi fibar ralaaai^ .];^SHi of cbntiitu&int ai a control 

manuri raquitai thK a pariddie Inspaction p This la 

nansiary to'^anaura^that tha protacttva systam maint^ns its intagrity over 
iong partods of ttoa, aspaciaiiy ovar t^ axpactad aarvlca Ufa ^;^tha protpc- 
tiva iyitam. If a contaihaiant iyitam ii aalactad^ it^ctly contrbllad^mainte 
ahca and cuitpdial activitiai ari riqui^ tha building, aa^ 

long ai aabaitoa-containing Mtariii ia pre later whan , 

I* building is ranovatad or damolishad if asbas^os-containing matsxlals ara ^ 
tigagad* Ehcapiulatibn and anclbsure siaasuras ara discussad balbw. # - 

5.2.1.I ^caps ulation j ^ 

Bnbapsulatrpn. invblves saaling aabastos-^cohtaihihg matariali vith ah appropriate 
coating, sealing pf surfaces of aibestbi-cpntjM'tiing materiali is accomplished 
by applying a cbatitig material that will anw the fiber Mtrix, 

reetriccing the raleaie of fibers^ and afford protection against contabt 
diattirbance^ Encapsulation should not be chbseh If the asbestbs-cbhtaihihg 
material ts hot well bonded to the iubitrati*"' 



Sealanta ate^of two typest^ thoee that penetrate the sprayed asbestos material 
and those that cover or bridge the material with a tough protective coating. 
Each of the twp types of eealanti has sbmi 'Ipecific advantages^ P 
jiealahti cauie imprbved cbheiive strfngth and impact s^fiitance of friable 
materiaie wh^n the jmatrix i jaturetad* Penetrating. eealants algo " 

asdtibit;^ varying degrees of penetration from^ about 13 tb 32 mm (1/2 to 1-1/4 in). 
Some may penetrate to the substra£e or stnctural mimlMlr to which the friable; 
aibeitbi is applied. The bridging type of eealasts ethi^ better 
.flexibility and abraeion reeietanca than the penetrating types and form a con- 
tinuous surface membrane over the aabestbs-cbntaining material. .Sealants cur- 
rently available include _water-**based latex pblyniri; water-ibluble epbxy resins » 
and organic solvent-based p^^ See section 3.4.1 for discussion of an • 

bngbinj ASTM itandards activity on ancapaulating agents for asbestos-containing 
materials 

Encapgul&tibh can bea practical method tb control the release of asbestos 
fibers, .but certain limitationa nake it usaful only in a relati^^ 
number o^cBBBB. .^Encapsulation is often advisable in situations where the 
asbeBtot-containing material isviftually impossible tbrembve such ai bh 
denser ^harder materials generally referred to as trbwlled bn or cementitiouB 
materials [25]. EPA estimates that encapsulation i8_an spP^ppriate control 
techniq&e in no more than 10 to 15 percent of^ali caees where asbestbs- 
containing material requirjes cbrrectcLve actibn [25]. 

Ehcapjulatipnbf friable aabei should not be considered 

when Che surfaces of these materials are: 

e accessible tb personnel (Ibw tellings » corridbrs, or stairwells); 

1 48 



pbtentieiiy subject to physical damage (by vahdallsmi sports 
actlvltleit routlna maintenance » or general use of building};. 



e potentially subject to water damage (history of rbbf leaks^ 
plumbing problems » or accumulation of cbhdeniatibn) ; or 

e potentially subject to fojrceful^ vibrations (rooms 

below or adjacent to heavy moving equipment br sports activity). 

__ __ _ _____ _ _ _~ 

the best way tb; determine whether ah ehcapsulant will perform on a given 

surface is to field teat it by applying tt to a small section of the surface. 
Several encapsulants should be field tested in this manner before a final 
decisibn is made regarding which one tb select** 

The ufe of sealants is governed by the characteristics of the friable material 
surface. Integrity of an encapsulated surface depends upon the bond between the 
matertai and sabstfate tb which it waaapplied and the cohesive. strength of the 
friable material. A sprayed ceiling^ for e3cample^' with initially poor adhesidn 
to a smooth, hard structural ceiling surface, may result in bond and shear fail- 
ure of the total thickness of sprayed asbestos contWnthg the applied sealant. 

' _ ^ _ • : , - ... 

5.2.1*2* _Enclosure 

Enclosure of a^F^yed astestos-co ??^^^^®?' P^^^^"? ^" \ :_ . 

imperviqus bamrier ^-b^TWeen the Material and ateas of building occupancy / These 
enclbsures could^ be placed ^either oh walls br ceilings., Depehdihg upon the 
integrity and type of barrier system* fiber fallout will occur only behind the 
barrier, and exposure "outside the barxier will be greatly reduced^ Entry into 
these enclosed areas requires protec^on of personnel and fiber containment 
precautions. ' r- 

In selecting ah enclosure system, considerati^^ 

plumbing, electrical or mechanical systems which require accessibility for ; 
maintenance, repair or renovatloni , if the sp^ayeS^ aaSstbs-cbhtalhin^ 
behind the enclosure is diaturbed. during maihtehance^m heatings ventilating, 
"llghcingi or pljimblhg systems, asbestos fibers may ^_^,rel^ the build- ■ 

l§g, especially if it is an open air retura pleuato all utili- 

ties jsho.uld be removed and rerouted from th^^^closure space ^ and^ when 
feasfble, access shoirld hb t be built _iht<i--tM8 space. The space behind a ^ 
barrier system should not connect id. tk^ an air plenum, and ait from the enclosed 
space should not circulate within the^ccup^ ffiPA filtration 

system is installed for cleaning' return alri Fire sprinkler systems may require 
relocation. ^ * 

Like ehcapsulatibhi enclosure reduces the potential f^ 

asbestos fibers but does not eliminate the source and poses similar problems as 
encapsulation during building renovation or demolition. Enclosure bf asbestos- 
containing material can be selected as a cbhtrol measure* provided that the 
material will not be ^xpected to be subjected to: (1) frequent damage during 
routine maintenance activities; (2) water damage; and (3) condensation buildup. 
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5.2.2 lUmbval - 

_ _ _ _\ : _ ■ - 

Removal of aebeetoi'^conCatning mateiTLal prbvidea a_ long-term ■olutioh.by 
elimination of the, fiber iburce. Rempyal of friable aibeicbi matirial pbies 

iighif icaht prpbliifii of wdrkir protection, 'invention of enviroomental con- 

taminationi and coniiderable interruption activitiei. Replacement 

with aabestoe-free material moat alio be. cbneidered. '/^-^ *; 

Removal of ipr'ayed aibeitbi material may be xdhiidered [5] when any one of the 
following conditioni ia preaent:. ^ 

f- ^ _ _ ■ _ 

m the material ia friable and iighif icantlydeteribrftid br damaged. 

a The material if acceaii^^ and potest iall^plibject to damage by 
vandalism or activitiea in the apace. X 

e The material will be damaged during rbutitie maihtinahce activitiei. 



Critical factors which roiat be conaidered in the^ciaion to remove iprayed 
aibeitbe-cbntaihihg material include building characteriatica^ inability, to 
elimihati expbiure in ahbther way^ iurfacej to which the material ii applied, 
and cbit. Aabeitbi*-cbhtaining material may be res^Vid by dry or wet methods. 

5.1.1. 1 Dry Removal V ^ 

pry removal of asbeatoi-^containing materlaL^is not recooMnded by EF^ may 
be QS^saary if ^wvoidable damage to buili^ng ^omponenta, utility systems, and 
equipment would occur through the use of water amended with a wetting agent br 
if' temperatures are below freesihg [5]. If it is hiciiiaxy to use the dry 
removal technique i extrem Mution^muSt be ew 

of workers, of areas outside^ the controlled area, and of the environment from 
the uncbnt roiled, r^leaae of aabestbs fibers. If well^-mahagedi however^ dry/ . 
removal can be _ successfully perfbrmed. Written permiiiioh frbm EPA Is req^ted. 
for dry removal. A., 

5.212.2 We^ Remosral \ * — , ■ 

Airbbrhe asbestbs fiber levels tjx rep»val bperatlqna may be reduced by using 
vet removal instead of dry removal [5]^ Wet removal is- based upon the ability 
Q4^watejp to lower both the friability of asbestbarcbhtaihing material and the 
lirbbthe cbhcehtratibn bf releaied fiberi^ thus reducing airbbx^. asbestos 
leveli. Because bf the additional weight, released fibers ^ettl^ rapidly.^ Use 
^^_P^^^l^_?^ter may not be entirely satisfactory because of alow p^netrationV 
incomplete vfetting, and runoff. Even with extensive ibakihgi areasbf dry 
material will remain. Riinpff is hot only a safety and cleanup prbblem but can 
bailie cbrrbsibh bh metal parts of equipment &nd electrical sy^^^ms as well as 

????_^P®?^^??_??_^^^®^i f^® also be 

transported by foot traffic to nbnrembval areas, where fibers will reehtralh 
f bllbwing: Evaporation bf the water. . 



^^^^^_P^^^^?^l9^_l?^9_^_^^^E_^^^^^ may sometimes be significantly Increased 
with a vetting agent or surfactant which reduces the surface tension bf wat^r 
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.J) ■ , : . . . : . . ,. ■ ■ 

drbpiiatsT Water amehaed with a wetting agent is compinly used by fite 
departments, industry, and agrtcultare, Ttiis wetting technique reduces the 
ataount of water needed for saturation^ increases cbhesiveneas of the fiber 
matrix, and increases tne probability of individual fiber wetting. Use of . 
amended water can reduce fiber counts by TOte than 90 percent as c^^ 
dry removal. Th^s reduction of fiber contamination within the, work area not 
only reduces potential worker exposure and significantly improves, working 
conditions, but relieves some of the dependence ut)qh cphtaiiiiaeht barrier 
systems in cohfinihg fibers to the removal area. Written pertaisston from EPA 
is required for wet teifidval [5]. \ ^-^ 

5.3(j^, iSHID££IN^ TOR SEI^C^BJG APPROPRIATE ABATEMENt tECmglQlTES 

Guidelines for selecting appropriate abatetncint techniques are presented in 
table 5,1, This table contains a summary of corrective methods in addition to 
Information about the advantages and disadvantages of each method ^ and 
conditions for which each method is appropriate or inappropriate. 

In addition to the Information presented in table 5.1, the following additional 
factors should be considered in the selection of control measures. 

• If the material is removed and fireproof ing/ther^l/so^ 
requirements still exist, material with similar performance ^ ^ 
characteristics must be applied. - 

■\ ___ _____ _ __' 

• If the asbestbs-cphtainihg material is accessible below the (2.7 m) 
9-ft level bti walls, the material will be subject to future accidental 
or intentional contact and damage. However^ in warehouses, gyms and 
simiiar facilities, the level to which material, is subject to contact 

' and damage is higher than the. 2. 7 m) 9-.ft .level. 

• If the asbestos-containing material is not removed, the problem must 
be addressed at the time of demQlltion. 

• If ah enclosure system is uiedithertelinsu 
be functional. Condensation problems and water problems, however, may 

. ; . still occur; 
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T.bl. 5.1 Cuiaiiinii foe Silicclni Kpptojtf im Khmfmnt Uc hnUi^l 15, 211 



Hit hod 



EncapsuIaCton 



Advaocagat 



Co^trQla_ixpoiur«_ 
vithpuc raaoval of 



t]aually_»QiC_rapid 
and econoBicJii; / 



Ebclbaure 



ConeroXa aiq^oaur*. 



Miy b« tipld» 

icoooSical uDCOV* 
pllcacid ttacho<i. 



Diaadvaocagaa 




Aabaacoa aourca rauloa. 

Fira proof log, ecouatlcSl* or 
chariil quilitiai niy b* 
raducad*' 

If iicarial la daiigad 

or dataripraclng, adaiClonal 

cauaa dalaMinacloQf 

pcacaucibna^nacaaaary co 
pravapc danaga 
■alncananca of radovaclon 

CoDCinuing ioapaccloha 

danaga CO ancapaulacad 
aurfaoa* 

Maincanaica of daMgad o^ 
4«carioracing ancapaulacad 
aurfacaa raqulr^d* 

Kncapaulacad ucarial la 
difficult to raaova. 

Aabaacoi aourea raialna* 



Fibar faXiouc cbnclnuaa 
bahiod anclbaora* 



Ma; ba coacljr if ahcloaura 
diacurba fimccibna ^f ocKar 
a;acatta (a.g* » ancXbauca 

piumbiog changaa). 



pracaucibna nacaaaaryf or 
ancry incb aocloaiira for 
malncananca or ranovation^ 



Whan Appxopriata 



RaBOval noc faaaibla. 



Macarial acill racalna 
bonding incagricy* 



Dasiaga CO Macarial noc 
probabla* 



Ltmlcad jftccaaaibility 
of «atarial..^ «- 



Complax aurfacaa co ba 
cov4r«d« 



If. iteoQosle or ciM 
advaactffla* ^ 

Vcaoval Aot faaaibla/ 



Dim ctttbanca _ or anc ry 
i&C6_ancXosad araa noc 
llkaly* . / 

Bcommlc ^^ancafa. 



Vhaxs Inappropriata 



Raaoval f aaaibla. 

Macarial hai popr^ adHaaiva 
br cohailve itraogthi 
Walghc of iaalanc may 
cauae daXaAnacion« 



MacariaX_ii dacarioracitig 
br aavirily daaigad. 



taataga to aacarlal ia 
prbVabXa* 



Watar daaagad maCarlala. 

Matariala ara iora than 
bna inch chicE« ^ 

In robSii which -ara 
aubjactad cO high 
vibracibn* q 



--- — f 
BaibyaX f^aiibXi* 
Daiigad or dacarloractag 
maciriaX c^uping High ^ 
Xavali of fibar falXouc.^: 

^icar daaaiad ikcirijkla* 

Daiiaga tb^ancXoiura 

SikiXy* : 

Ehcry iaco ancloaura 

prbbabXa ^ br '*P*^'* 
and walncananc^* 

Cbticinuini inSbaccion 
and ■alncioanciof 
ancXbaura doubtful. 
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Tabis 5,1 (Cooclxuiad) 



Mac hod 



(coQtlnua) 



I We t RaaQval 

j (Must obtain 
I EPA approval) 



Axlvancagaa 



CllminaCaa aabaacoa 

source. 



I 



Dry Reoioval 
(Must obLaln. 
jI^EPA approval) 



Cnda . evpoaure 
posalblllcy. 



Ellninacea aabaatoa 
Bourca. 



Enda . exposure 
poaalblllty. 





DlaAdvancagaa 



ConcinulQg laapaccloa 

^•q^^rad to chack for 

daaaga tfo aneloaura ajacaa 

Haincatianca of daoagad 

aacloaura ajacaa raqulrad. 

Uaually.poa of the Boat 
coatly and coapl^^cated 
MChoda; 



yaually_oaa of chemoiC 
tlaa-coaauaidg nechoda. 

fLeplacaawat vith aubatltuta 
aatarlal aay ba oacaaaary. 

Uaually oca pfchapoac 
coitlyand coapllcaced 
oetboda. 



yaually_ona of tha noat 
tDae-cooauiiiag nathoda. 

Raplaceaaat_wlth_aubatltuta 
■atarlal aay ba nacaaaaty* 

l¥tra«ely _hl gh _ pp t a ac 1 al 
for wortcar aicpoaura. 



\tbmn Xppropriaca 



High azpoaura. 



Mace rial la dac.erloraClag 
or -daoagad. 

Material la 4ccaaalble. 



High expoaura. 



Material la datarloratlag 
or daaaged. 

Material la acceaalbla* 



Taa^araturea are baloy 
fraazlag durlog raaoval 
oparatiooa. 

Corroalon of aa tailic 
counectora la of major ,. 
coacam. ' 



Whaa Inapproprlata 




Raiabval is dot Jfeailbia 
because bf-cost, location 
of naceriel, and kind 6f- 
pUrface to which nacerlal 
haa been applied (e.g. , 
raiabval of material from 
complex surfacea such aa 
pipes, lines, and ducca). 

When temperature ia 
baiow freezing. 
Corrbaion a problem. .'. 



Ramoval la hot feaal^le 
bacauae of coat, tocaclbn 

of material/ *a<i ^i^^ 
aurf ace to which MCerlal 
haa been applied Ce.^ , 
renovel of material from 
complex surfaces such aa 
pipaav- linea, and ducts). 

_ _ _ '* ^ 
Vhen wet removal Is 

appropriate. 
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dver^/lew of Electron Microscopy Itethods , Rudd, Clayton 0. , NBS Special 
'-^ * ' /Publlcatibri 506, Prbceedirigs erf the Workshop bti Asbestos: Definitions 

apSi Measures Gaichersburg, Maryland, July 18-20, 1977, Issued 

{r; ' ^ Novemb^r^ 1978 , pp. 221-233. ' \ 



Electron Micrbscbpe MeasureTCht of AirbSrhe Asbestbs Cbncehtratibhs-A 
Prbvisldnal Methodology Manual , Samudra, Anant V* , ^srwood , Colin F. , 
Stockman, John D. , EPA-GOO/ 2-77-178 Revised Jujje 1978, Environmental 
Sciences Research 'Laboratory, Office of Research and Development, U.S. 
Envlrbnnwhtal Prbtectloh Agency^ Research Triangle Park, N.C. 27711. 

2 1 . Asla&sroa^^CoriraiJiljig Materials in School Buildings; A Gatdance 
Document-Part 3 , Environmental Protection Agency, August 1981. 

22. Minimum Alrborng Fiber Cbhcentra^lbhs~fOT-IM^ iating and Contlnu l^ 
AabearoB Medic^t F.vaffltTrar'fana , QSHA Instruction CPt 2-2.21A, February 18, 
1981. ; ^ , ^ ' ' ; ' ^ 

23. Draft ^^sbestbs Exposure Asse^amen^t^A lgbrith m , Office of Toxic Substancias, 
U.S. Environmental Protection Agency, September 21, 1979. 

24. GSA AsbeBLuB Exposure Algorithm , General_ Services Administration, Accident 
•5 and Fire Prevehtlbh Branch, Washihgtbri, D.C. - 

25» GatdeltneB for the Use of Encapsalants on Asbestos-Containing Matertais ,; 
Office dif Toxic Substances^ U.S. Ehvlrbhinehtal Protection Agencyi/^uhe 

1981. 5, V,'^ ; * t 'i^ ' 
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^^PPENDI:X a - summary of EPA and OSHA asbestos regulation Si.' 



EPA- REC 



DNS PERTAINING TO ASBESTOS 



the U.S. EPA^ Regulations, contained .in Title 40, Cpde of Federal Regulijtions , 
Part 61, as amended, applicable to asbestos removal bperatibhs are sutmarized 



belowi 



SubDart A - General Provisions 



This subpart cbhtaihs^defir^ ^ regibna^l EPA of f ice f^j 

(61.04), waiver information (6i.i0), (6i.ii), and other pe^ingi^c''" 

Subpart S - Natllon^l Emission Standard for Asbestos 



les 

bormation. 



Sectio Q- 
§^1.21 

§61.22 



Definitions 



Emission standard^ 
work practice 
rHqairements ^ 



\^ \^KA b W LAW 



"^I'erms . relating to asbestos material, visible 
emissibns J dembl^tibn, f rial?le .asbestbs .mate- - v 
rial, renovation, wetting, removal, stripping, 
and waste material are defined in this seccio^i^^^ 



Cbntaihs information on application of- sta 
dards , nbtif icatibh requirements , stripping 
of fr±able> asbestos material, wetting., exhaust 
ventilation systems, restriction of spraying 
of asbestos containing material, waste 'material 
handling and label^ng^ ^ and disposal regulations 
i^Sl^^^S? Sp^^ifies the 
applicability of standard to stripping or 
removal _ of _ aabesto's .materials of more than 80 
meters (260 feet) bf cbvered pipe^ or 15. square 
meters (160 square feet) of friable asbestos , 
materials used to cover a structurai member. 




Procedures toprevent emissions are described: 
- adequate wetting, Ibcal exhaust vehtilatibn 
systefis, proper movement and handling, and 
excepCii^s to wetting reqatrernencs . 

■ - _ f _ 

Sprayihg~bf over bne pet^cent asbestos, material 
o». structural' meffibeps* is. prohibited. Waste 
disposal, mefthbSs in rend'^ation shaii not pro- 
j^uce visibJft^missions: waste material will 
be "placed iti Ibcktight cbhtaiher while wet , 
artd^'disposed of in sites in accordance with 
^ provisions of §61.25. 



1/ Taken directly from reference [5]. 
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S61.'£5 Waste dljposkl sites This section contains regulations on emlsslbhi 
— access restrlctidris, sign posting, and opera- 

ting methods for asbestos waste disposal* sites. 

Amendments to 40 CFR, Part 61, bave been proposedi^and ar^f ound in the Federal 
Register of Wednesday, March 2. 1977. The proposed amendment resolve certain 
ambiguities and omissions in the present standard. 

The applicability of regulations on renovations, removing, And stripping 
asbestos is broadened by deletion of phrases which limit application of the 
regulation to asbestos sprayed for insulation and fireproof ingosiy. The 
proposed changes would enable the terms to cover ail' sprayed friable ^asbestos 
material^ for whatever the intended purposes 

The ainendment also- clarifies the definition of structural Mdiber, and * 
specifically includes. nohlbad-suppbrtirig members such as ceilings and walls in 
the scope of the regulation. 

OSHArRECUIATIOHS PERTAINING TO ASBESTOS _ 

Applicable regulations of the Occupational Safety and Heaith-Administratipn 
U.S. Department of ;^bor are contained in Title 29, Code of Fajleral Refla- 
tions, Part mO. Regulations specific to asbestos removal or a t^^ippttsg.^ 
contained in section 1910. 1001 et seg^. are summarized below: . v^4V / ^' ' 

' Section 1910^1^ <^op^^p^ '^'^i ^ 

- — ■" J 'i.t - .. ' . 

(a) Lists definitions. Definitions of asbestos and aste^Pft ;|ii^ 

^ site llfflltatton <ff . 5/ micrometers 6t:Va^^ ; 

: ' ' /\_ __ ^ _' -. _ . - 

(b) Sets limits for permissible ' Eight-hou;ir- time-weighted average TWA: .two 
exposure to airborjie concen- fibers* longer than 5 micrometers^ per 
trations of asbfesUos fibers., cubic centimeter of air (f/cc). Maximum 

Concentrations: 10 f/cc. 

(c) Methods of compliance, (1)_ Engineering -Methods; isolation, ^ 
recommend methoda to meet enclosure, ^enttl&^gffk^ dust collection/v 
limits for exposure. should be used to meet the expdsure lijtflt&v 

(2) Worker protection: Wet methods wt3 
be used, itssofar as practicable, to pi^evenc 
the emission of fibers in excess of the 
limits. 

. f ..: .... . _'_ 

(2)(iii) This section lists specific 
requirements for both respiratory protec- 
tion and special clothing for removal 
V workers. 





A- 2 



73 



ERIC 



(d) Persbhal protective ^uipineht 
Is specified for various 
conditions* 



RBsplratdry protective equlpme and 
special clothing are required whenever the 
exposure, limits can reasonable be expected 
to be exceeded. Equipment ap|:ir6ved by the 
agency is referenced* 

Respiratory protection:. 



^d)(2)(i) Concentrations up to ten 
times the allbwaBle limit (20 f/cc 
TWA, or 100 f/cc ceiling limit): air 
purifying respirator,;. 
(d)(2)(ii) Concentrations up. to 100 
timesthe limit (200 f/cc TWA, or 
1000 f/cc celling ll^ts) require 
powered air purifying respirator • 
(d)^2)(iii) Concentrations above 100_ 
-times the limit require type "C" supplied 
air respirator, continuous f low* dr pres- 

deisand^ class* 
(dH3) Special clothing shall be provided 
if limits are exceeded* Includes coveralls, 
head coverings, foot coverings. 



When clothing requirement is met, launder- 
ing service or disposal should be provided. 




(g) 



(h) 



(1) 



Method of measarement of 
fiber cpncehtratlbhs Is 
defined. ; \; 



Specific procedures of 
measurement and mbhltbrlng 



Content 

^ ' ! -/f. . 

Determinations of airborne concentra^tions 
of asbestos fibers shall be made by ^^c he 
membrane £l2i^^^^ cb^lectlbri method with 
please ^oilftast mlcrbscopy* ^ v 



Caution signs and iabeife 
are defined. 



Personnel monitoring^ environmental monl- 
tbrlhg^^ arid frequency bf mbnltbrlhg are 
covered. 



Specifications and use of signs are out- 
lined. Pbstlhg of wbrk sites and use bf 

f caution labels .^rT* as bias tds material are 

. described; 

Housekeeping to re^ce Cleaning of alL objects of accumulated 

exposure attd waste disposal asbestos debris, and sealing In Imperme- 

mettods are described* able, sealed containers. 

llf^ ' ^ w / 

Speci£i^8< recordkeeping and Employer records on exposjure. time * 

requlrftifcnts for tSi^lntenance requirements and record -disposition are 

"^and retention of record^; " - covered. Records of mbirltoring should be 

H retained for three years. * \ 

.' f A-3 
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(j) LliU nedleal examination Applicability j^ ipeeific 

requirements. freciUency of medical evaluations* Annual 

) and >tej|rn^tiati6h examination requirements 



• V 
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APPENDIX B : 

_ : REGIONAL oppicES_gp ra^ :__ 

_y.S. ENVIRONMENT^ PI^ECTION AgSjCY «JD THE 
OCCUPATIONAL SAPETI AND HEALTH ADMINISTRATION 



EPA REGIONAL OFPICES 



Region I 

Gonnecticat, Maine, Massachasetts^ 
New Hampshire^ 'Rhode lalahd and 
Vermont: 

JbhnF, Kennedy Federal Building 

Room 2303 . 

Boston, Massachusetts 02203 
(617) 223-7210 

Reglonll 

Mew Yorlo, New Jersey, Puerto Rico, 

Virgin Islands, and Canal Zone 

Federal Office Building 

26 Fiaderal Plaza 

New York, New York 10007 

(212) 26A-2525 

Region III 

Deleware, District of Colofflbta, 
Maryland, Pennsylvania, Virginia, 
and West Virginia ^ ' 

Curtis Building • 
Sixth and Walnut Streets 
Philadelphia, Pennsylvania 19106 
(215) 597-9814 ^ " 

Region IV _ . : 

Alabama, Florida, Georgia, Kentucky, : 

Mississippi, North Carolina^ '>Sbut:h 

Carolina, and Tennessee 

345 Courcland St. , NE • 

?\ttanta, Georgia 30308 ^ 

(404) 881^4727 ' ■ - . 

Region V ^ _ 1^ 

Illinois, Indiana, Minnesota, Michi^ 
gan, Ohio, _ and. Wis cort8j.n 
230 South Dearborn Street 
^Chicagd , Illlnbls; 60604 , ; /<_ 
(312) 353-2000 ^ , ^T^- ■ 



Region VI . 

Arkansas, Louisiana , New Mexico, 

Oklahoma^ and Texas 

First IriterTiatlbrial Building 

1201 Elffl Street 

Dallas, Texas 752Z(J 

(214) 749-1962 

Region VII ^ 

lowa^ Kansas, Mtssoari, and Nebraska 

324 EJ- ilth Street . 

•KahsasCityi Missburi 64106 
(816) 374-5493 • 

Rfigion Vlil ' . 

Colorado^ Montana, North Dakota, 
^Sputh Dakota^ Utah^ and Wybmln^ 
1660 Lincoln Street 
Denver, Colorado 80295 
(303) 857-3895 _ 

~ » ;^ 7^ 

Region IX ^ - 

Arizona » California, Hstwaii, Nevada, 
QOam^ American Samoa, xtust TeirltTbr^i 
of the Pacific v 
215 Frembht Street ^ ^ 

San Francisco, California '94105 
(415) 556-2320 ' X,"^ 



Region X - 

Alaska, Idaho, Oregon, Washington 
1200 sixth Avenue 
Seattle i_Washl!ngton 78101 
(^6) 442-1220 
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APPENDIX B (coht) 



/OSHA REGIONAi . OFFICES 



1 



g^gioh I 

Connecticut y Maine, HassschusettB , 

New Hsfflp shire, Rhode^ Island 

and Vermont _ \ 

16-18 North Street 

1 Dock Square Building - 

Boston, MassachasettB b2ld9V 

(6175 223-6712/3 | 

Wgion II _^ _ ^ 

New York, New Jerrayvil^uerto Rico, 

Virgin Islands , and ^ahal Zone 

1515 Broadway 

(1 Aster Plaza) 

New York, New York 10036 

(212) 399-5941 

Region III: 

DeliBware, District of Columbia, 
Matyiand^, Pennsylvania, Virginia, 
and West Virginia 
Suite 2100 

Gateway Building / 

3535 Mactkc t Street 

Philadelphia, Pennsylvania 19104 
^HP) 596-1201 

Region IV ^ 

Alabama, Florida, debrgia^ Kentucky^ 
Mississippi, North Carolina^ 
South Carolina, and TetineBsee 
Suite 587 ; ' 
1375 Peachtree St.,_SE_ 
Atlanta, Georgia 30(309 
(404) 881-3573 - 




Region V 
Illinois, In^iana^ .Minnesota, 
Michigan, '0^6, arid Wisconsin 

Rbbm^J2£ 

230 S. D&arborri; §tt^j: 
Chicago, Illinois (,60604 
(312) 353-4716/7 




Region VI 

Arkansas, Louisiana, New Hexidd^ 
Oklahoma, and Texas 
Room 602 

555 Qriffin Square Building 
Dallas, Texas 75202 
(214) 749-2477 

Regibti Vil 

I6wa, Kansas,, Missouri ^>^and Nebraska 
Room 3000 ^ ' 

911 Walnut Street J ^ 
Karisas City, Hiis^ym 64106 
(816) 374-5861 *^ 

Region VIII 

Colorado, Mbritana, North Dakota, 
South Dakota, Utah, and Wyoming 

Room:i50iO \ 

Fedexfal Building 
1961 Stout Street 
Denver,' Colorado 80294 , 
(303) 837r3883 ' 

Regiori IX. _ _ _ _ _ __ 

Arizona^ Calif onrfa, Hawaii, Nevada, 
Guam, American Samoa^ and _ 
Trusts Territory of the Pacific 
P.O. Box 36017 
9470 Federal Building 

*45b Golden Gate Ave. 

Sah.Franciscoi California 94102 
(415) 556-0586 . : W 

Region x ^ , 

Alaska^ I4^]bb, Oregon, Washington 
Room' 6048 - ^ 

Fedaral Office Building 
SeaAle, Washington 98174 
\t^^) 442-5930 
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